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INTRODUCTION 
Species recognition criteria 
Traditionally, mycologists have used morphological and biological species 
recognition criteria to infer fungal taxonomy. Whereas both criteria are 
rationally used in many cases (Anderson et al. 1980, Hibbett & Donoghue 1996, 
Vilgalys & Sun 1994, Taylor et al. 2006), they still lack universal applicability. 
Although morphological species recognition method can be viewed as universal 
in the sense that most of the described fungal species have a morphological 
description, its usability is often restricted because of variability, which can be 
extremely high or low, and species limitation based on morphological charac-
ters is often artificial. Biological species recognition method seems more natural 
but is impossible to apply to the many fungi that are asexual, homothallic or 
cannot be cultivated. In addition to this, many fungi are able to outbreed, thus 
the fact of mating does not provide evidence of delimitation of species. Also, 
sexually compatible populations occurring in distinct regions might not be 
mating in nature because of geographic isolation (Vilgalys & Sun 1994, Peter-
sen & Hughes 1999). Phylogenetic species concept is widely applicable, how-
ever, defining species limits is subjective, requiring decisions about whether 
observed polymorphisms are shared within a species or fixed in isolated species 
(Taylor et al. 2000). To overcome this subjectivity, genealogical concordance 
phylogenetic species recognition relying on multiple recombining genes have 
been proposed (Taylor et al. 2000). 
The method of species recognition affects the inferred geographic range of a 
fungal species (Taylor et al. 2006). Whereas several morphologically defined 
fungal species have been found to be distributed worldwide, the phylogeneti-
cally delimited species of same organisms might have different distribution 
patterns (Taylor et al. 2006). The reason is that changes in DNA sequences can 
be detected more easily than changes in morphology which can be vague, espe-
cially in organisms with relatively simple structure. In the course of evolution 
the first changes always appear in the genome, and by the time at which repro-
ductive isolation or distinguishable changes in morphology are starting to 
emerge, genetic isolation has already occurred. Therefore, species recognition 
based on morphology or reproductive isolation can be more inclusive than that 
based on genetic isolation. On the other hand, reproductive isolation can pre-
cede changes in morphology. Aspergillus flavus and A. fumigatus are morpho-
logical species with world-wide distribution, however, analyses have shown the 
occurrence of several genetically and reproductively isolated groups (Geiser et 
al. 1998, Pringle et al. 2005, Rydholm et al. 2006). Similarly, Fusarium 
oxysporum and F. graminearum both represent morphologically homogenous 
species complex showing diverse patterns of genetic variability, host specificity 
and geographic distribution, whereas genetic segregation does not always corre-
spond to the host and distribution patterns (O’Donnell et al. 1998, Starkey et al. 
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2007, Lievens et al. 2009, Kvas et al. 2009, Sarver et al. 2011). In Neurospora, 
several groups of morphologically indistinguishable species have been dis-
covered based on genetic segregation (Dettman et al. 2003, 2006). Another 
example is Beauveria, a genus of insect pathogens which displays high varia-
tion in morphological characters so that these cannot be used for identification 
of well-supported phylogenetic lineages (Rehner et al. 2011). Trichoderma is a 
large genus of soil-inhabiting filamentous fungi, the species of which are widely 
used as biological control agent of plant pathogenic fungi as they have ability to 
parasitize on other fungi (Kredics et al. 2010). Whereas several strains of T. 
harzianum have been found to colonize industrial mushroom beds causing 
green mold disease, aggressive colonization has been attributed only to a couple 
of biotypes which have been later rediscribed as T. aggressivum f. europaeum 
and T. aggressivum f. aggressivum (Samuels et al. 2002). The two taxa differ in 
morphology and are genetically as well as geographically segregated. In 
addition to these ascomycetous taxa, many basidiomycetes display analogous 
pattern. Armillaria mellea was considered as a single species, although 
heterogenous in terms of morphology and geographic distribution, yet it was 
later reassigned to several species based on reproductive isolation or genetic 
variance (Anderson et al. 1980, Coetzee et al. 2005). Also in Serpula 
himantioides, reproductively isolated groups have revealed several cryptic 
species (Kauserud et al. 2006, Carlsen et al. 2011). In rust and smut fungi, 
morphological characters together with narrow host ranges generally provide 
sufficient distinction between species as confirmed by phylogenetic analyses 




Pezizales, Hypocreales and Helotiales are three of the largest orders among 
ascomycetes with the systematics of many taxa at different taxonomic levels 
remaining obscure (Lumbsch & Huhndorf 2010). This can be ascribed to 
scarceness of morphological characters that are used for recognition of taxa. In 
distinguishing among closely related species in Pezizales and Helotiales, the 
micromorphology of ascospores along with fruit-body characteristics are usu-
ally given most emphasis (Hansen et al. 2001, Hansen & Pfister 2006, Baral 
1985, Stone & Gernandt 2005). In Hypocreales, also the ascus micromor-
phology and presence of stroma in teleomorphic stage are used for species 
identification, with additional characters of anamorphic stage (Põldmaa 2000). 
Pezizales has been established as a monophyletic group (Spatafora et al. 
2006, Hansen & Pfister 2006, Hansen et al. 2013), that was among the first ones 
to diverge among the euascomycetes, currently classified in the subphylum 
Pezizomycotina (Liu et al. 1999, Lumbsch et al. 2000, Platt & Spatafora, 2000). 
While higher level taxonomy in this order is relatively well resolved both on 
morphological and molecular basis, species recognition is often complicated. 
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Similarly, Hypocreales forms a monophyletic group (Zhang et al. 2006, Schoch 
et al. 2009a) displaying a broad range of lifestyles (Rossman 1996). However, 
the relationships of taxonomic groups within Hypocreales are unclear (Sung et 
al. 2007, Summerbell et al. 2011). Likewise, molecular analyses do not support 
the higher level system of the Helotiales based on morphological grounds. 
Moreover, multigene studies have shown that the order Helotiales is para-
phyletic in regard to Rhytismatales, Erysiphales, Cyttariales and Thelebolales, 
which are nested within it (Wang et al. 2006a, b, Schoch et al. 2009a, b, Peter-
son & Pfister 2010).  
In this study, taxon boundaries of different ranks were assessed in selected 
genera, one from each of the orders Pezizales, Hypocreales and Helotiales. In 
Hypomyces (Hypocreaceae, Hypocreales), closely related species were de-
limited in a small subgroup representing about 1/10 of the genus. In Geopora 
(Pyronemataceae, Pezizales), boundaries were assessed for majority of accepted 
species as well as for closely related genera. In Encoelia (Helotiales, incertae 
sedis), the phylogenetic relationships of available species were assessed and 




Geopora is a genus comprising important mycorrhizal symbionts associated 
with deciduous and coniferous trees as well as orchids. Although about 25 Geo-
pora species have been described, the majority of hypogeous species have been 
synonymized by Burdsall (1968) and most authors recognize roughly ten spe-
cies in this genus (Seaver 1928, Kers 1974, Schumacher 1979, Dennis 1968, 
Yao & Spooner 1996a, b, 2003, Benkert 2010). The section Sepultaria Cooke 
within Peziza Dill. ex Fr. was raised to the genus level in 1885 by Boudier, 
comprising 20 species. He selected Peziza sepulta Fr. as the type species (Kers 
1974; Burdsall 1968). Two months earlier, Harkness (1885) had proposed a new 
genus Geopora. Because the characters of Sepultaria (Cooke) Boud. and Geo-
pora Harkn. coincide to great extent, Burdsall (1968) designated Sepultaria as 
the synonym of Geopora. Following his amended concept of Geopora, the ge-
nus comprises hypogeous species with closed ascocarp, epigeous cup-shaped 
species of the former Sepultaria, and some species of Hydnocystis Tul. having 
hollow hypogeous ascocarps with randomly oriented opening (Burdsall 1968). 
In Geopora, various ascocarp forms exist. These include strictly epigeous 
apothecia (G. tenuis (I), Hoffmannoscypha (= Geopora) pellita (Stielow et al. 
2012)), ascocarps that are at first almost closed and deeply immersed in the 
substrate and later expanding more or less above the surface (G. arenicola, 
G. sepulta (I), G. cercocarpi (Southworth & Frank 2011)), and closed ptycho-
thecia remaining hypogeous even at late developmental stages (G. cooperi 





Hypomyces (Hypocreaceae, Hypocreales) is the largest ascomycetous genus of 
exclusively fungicolous fungi, comprising about hundred species. The genus is 
paraphyletic, comprising several subgroups with different morphology and host 
range (Põldmaa 2000). One of such subgroups includes a monophyletic clade of 
approximately 25 species producing a chinonic red pigment, aurofusarin, 
forming Cladobotryum anamorph and growing on agaricoid as well as poly-
poroid fruit-bodies of various basidiomycete taxa. During sexual state the bright 
red perithecia develop in lighter subiculum that might extend to several centi-
metres. Asexual state is characterised by fast-growing whitish and cottony 
mycelium. The group comprises species occurring in either temperate or tropi-
cal regions (Põldmaa 2011). Study III focuses on the monophyletic core group 
of temperate aurofusarin-producing Hypomyces/Cladobotryum species, several 
of which are frequently reported to cause cobweb disease in mushroom growing 
farms resulting in substantial yield loss. The diversity of hosts and variation in 
some morphological characters, combined with a broad geographic distribution 
challenge the present concept of H. rosellus, the taxonomic anchor of the group, 
and suggest the existence of cryptic lineages.  
For many years, H. rosellus was the most commonly reported cause of cob-
web disease (McKay et al. 1998; Bhatt & Singh 2002; Potočnik et al. 2008), but 
during the last decade the anamorph of H. odoratus has been reported with in-
creasing frequency (McKay et al. 1999; Grogan & Gaze 2000; Adie et al. 2006; 
Khan et al. 2008; Back et al. 2010, 2012; Gea et al. 2011, 2012). Since the late 
1960s cobweb disease have been controlled mainly using methyl benzimidazole 
carbamate (MBC) fungicides. The emergence of strains strongly resistant to 
these fungicides was considered responsible for occasional epidemics in mush-
room farms in the British Isles in 1990s. The cobweb disease seems to be a 
continuous problem in many countries, suggesting that MBC resistant strains of 




Members of the genus Encoelia (Fr.) P. Karst. exhibit wide morphological 
variation. Although the species are mostly well delimited, phylogenetic place-
ment of most of them is unclear and so far this large genus encompassing about 
50 species has not been included in any modern revision.  
Encoelioideae was proposed by Nannfeldt (1932) as a new subfamily in 
Helotiaceae to include most of the genera previously assigned to Cenangiaceae. 
Later, several other genera were included to the subfamily by Korf (1973), 
which according to his concept was distinguished in Leotiaceae (=Helotiaceae) 
mainly by excipulum characters. The genus Encoelia is very heterogenous in 
terms of morphology and fruit-body development (Bellemere 1977, Korf & 
Kohn 1976, Spooner & Trigaux 1985, Verkley 1995, Baral & Richter 1997). 
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Apothecia of E. fimbriata and E. siparia grow gregariously on well developed 
stroma and E. fascicularis on sclerotium. By contrast, the fruit-bodies of the 
type species E. furfuracea are not as densely clustered and not forming stromata 
or sclerotia. In addition, development of fruit-bodies of E. furfuracea is cleisto-
hymenial, as opposed to gymnohymenial development of E. fimbriata (Spooner 
& Trigaux 1985) and other species. Moreover, ascus apparatus structures are 
very different in E. tiliacea (Bellemere 1977) and E. fimbriata (Verkley 1995). 
The only molecular study involving more than one species of Encoelia also 
suggests that the genus is not monophyletic (Peterson & Pfister 2010). 
 
 
Gene regions used for delimitation of taxa 
Ribosomal DNA (rDNA) is most frequently used genomic region for fungal 
species recognition. Internal transcribed spacer (ITS) flanking ribosomal RNA 
genes has recently been selected as the official barcoding gene for fungi 
(Schoch et al. 2012). ITS region has frequently been used as a phylogenetic 
marker at species level (e.g. Hansen et al. 2002, Acero et al. 2004, Francis et al. 
2007, Niskanen et al. 2009, Yuan & Wan 2012). However, it has limitations in 
terms of insufficient resolving power in some fungal groups or unsatisfactory 
performace of universal ITS primers in other groups (Nilsson et al. 2008, 
Schoch et al. 2012). For example, ITS variation within ascomycete genera 
Aspergillus, Penicillium, Fusarium and Cladosporium has been shown to be 
very low in many cases (O’Donnell & Cigelnik 1997, Skouboe et al. 1999, 
Geiser et al. 2007, Schubert et al. 2007, Gazis et al. 2011). In contrast, some 
fungal groups such as Glomeromycota and basidiomycetous Tulasnella display 
extreme variability of ITS region (Stockinger et al. 2009, 2010, Taylor & 
McCormick 2008, J. Oja unpublished). This, along with amplification chal-
lenges, limits the use of ITS for species identification and inferring phylogenies 
in these fungal groups. 
Alternatively, the more conservative small and large subunits of ribosomal 
RNA genes (SSU and LSU, respectively) have been widely used to construct 
phylogenies at species and higher level (e.g. O’Donnell et al. 1997, Campbell et 
al. 2005, Hansen & Pfister 2006, Ferrer et al. 2012). Limitations of these in 
resolving higher level relationships e.g. in Leotiomycetes (Wang et al. 2006a, b) 
and Sordariomycetes (Summerbell et al. 2011) have channeled the search for 
other gene regions. Implementation of several single-copy protein-coding genes 
has considerably improved the resolution of higher level phylogenies. The 
genes encoding translation elongation factor 1-α (tef1), the largest and second 
largest subunits of RNA polymerase II (rpb1 and rpb2, respectively), and  
ß-tubulin are most frequently used for constructing phylogenies in fungi (e.g. 
Schoch et al. 2009a, Hansen et al. 2013, O’Donnell et al. 2012, Taşkin et al. 
2012).  
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Importance of taxonomy in biodiversity studies 
Advances in molecular taxonomy provide tools to detect monophyletic groups 
of organisms whose accurate identification using traditional methods has been 
challenging. Such applications of molecular taxonomy include identification of 
environmental samples, which in many cases do not lend themselves to easy 
identification because of low abundance, lack of cultivation methods and pau-
city of morphological characters. Ecological studies regularly report high 
genetic diversity, however, the species identities and species boundaries often 
remain undefined because of lack of available taxonomically authenticated 
voucher specimens. This applies to members of Geopora and Helotiales, which 
are often detected in soil and root samples (e.g. Gehring et al. 1998, Fujimura et 
al. 2005, Bidartondo et al. 2004, Tedersoo et al. 2006, 2009, Vrålstad et al. 
2002, Gazis et al. 2011). Similarly, sequences with reliable identity provide 
means for identification of pathogens, in case of which the promptness of accu-
rate determination is economically crucial. In mushroom cultivation industry, 
cobweb disease caused by anamorphs of Hypomyces spp. has been problematic 
for years, rapidly ruining the crop and causing economical losses (McKay et al. 
1998, 1999, Grogan & Gaze 2000, Potočnik et al. 2008).  
 
 
Aims of the study 
1)  To elucidate phylogenetic relationships and delimitation of species in the 
genus Geopora (I, II) and in the core group of temperate aurofusarin-
producing Hypomyces (III). 
2)  Comprehending observed phylogenetic diversity to delineate the genera 
Geopora and Encoelia and their segregates (II, IV). 
3)  To assess host preferences and patterns of geographical distribution in Geo-
pora (I, II) and temperate aurofusarin-producing group of Hypomyces (III).  
4)  To compare the roles of host specialisation vs geographic isolation in genetic 
segregation in the core group of temperate aurofusarin-producing Hypomy-
ces (III). 
5)  To identify cobweb-causing Hypomyces strains isolated from mushroom 
farms and to clarify their origin as well as sources of recently emerged fun-
gicide resistance (III). 
6)  To test and compare the resolving power of ITS for species recognition in 
studied groups of ascomycetes. 
7)  To investigate the performance of selected nuclear single-copy protein-
coding gene regions in distinguishing monophyletic groups in Hypomyces 
(III) and the Helotiales (IV).  
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MATERIALS AND METHODS 
Sampling of specimens and species identification 
The specimens of Geopora and encoelioid fungi were collected mostly from 
Europe. About 100 specimens of Geopora (I, II) and 40 encoelioid ascomycetes 
(IV) were sequenced and examined microscopically when dry. All collections 
are deposited in fungaria (mainly in TAAM and H; acronyms following Index 
Herbariorum) or private collections. For each collection, the length and width of 
ten or more ascospores were measured. The data on ascospore measurements of 
Geopora were compared in a multistate analysis of variance (MANOVA) 
between the ten phylogenetic species. To test whether two particular lineages 
differ in ascospore dimensions, additional pairwise MANOVA procedures were 
conducted. The analyses were performed using SAS 9.1 (SAS Institute Inc, 
Cary, NC, U.S.A.). 
The 119 strains of Hypomyces (III) were isolated from material originating 
from Europe, North America, Asia, Australia, New Zealand and Africa. Isolates 
derived from mass of conidia or single/mass ascospores were grown on 1.5% 
MEA (Oxoid, Cambridge, UK). The strains are deposited in fungal culture 




DNA extraction, PCR and sequencing 
Genomic DNA from Geopora and encoelioid fungi was extracted from fresh 
material stored in CTAB buffer (Gardes and Bruns 1993) and from dried 
herbarium specimens. DNA of Hypomyces was extracted from 4–7 d old 
mycelium scraped from agar surface. The DNA from samples stored in CTAB 
was extracted according to Gardes and Bruns (1993), or using High Pure PCR 
Template Preparation Kit (Roche, Basel, Switzerland) or Qiagen DNeasy 96 
Plant Kit (Qiagen, Crawley, West Sussex, UK) according to manufacturer’s 
instructions. PCR was performed using PuRe Taq Ready-To-Go™ PCR beads 
(Amersham Pharmacia Biotech., Piscataway, NJ, USA.) or 5 x HOT FIREPol® 
Blend Master Mix (Solis BioDyne, Tartu, Estonia) in 25-μl reaction volume.  
The ITS regions of Geopora and Hypomyces were amplified using one of the 
forward primers ITS1F, ITS1 (Gardes and Bruns 1993) or ITS0F (Tedersoo et 
al. 2008), and the reverse primer ITS4 (White et al. 1990). In Hypomyces, 
selected regions of the five protein-coding genes were amplified using the 
following primers: RNA polymerase II subunit 1 (rpb1): RPB1-AFasc and 
RPB1-6R1asc (Hofstetter et al. 2007); RNA polymerase II subunit 2 (rpb2): 
RPB2-5F and RPB2-7cR (Liu et al. 1999); translation elogation factor 1α (tef1) 
introns 5 and 6 and exon 5: EF1-728F (Carbone and Kohn 1999) and EF2 
(O’Donnell et al. 1998) as well as exon 6: EF1-983F and EF1-2218 (Rehner 
4 
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2001); protein component of the 60S ribosomal subunit (FG1093): FG1093-
E1F1 and FG1093-E3R1 (Walker et al. 2012). 
In 60 strains of encoelioid fungi, selected regions of nuclear 18S and 28S 
ribosomal subunits, exon 6 of translation elogation factor 1α (tef1) gene and 
RNA polymerase II subunit 1 (rpb1) were amplified using the following 
primers: 18S rDNA: PNS1 (Hibbett 1996), nssu131 (Kauff & Lutzoni 2002), 
NS1, NS3, NS4, NS8 (White et al. 1990), NS24 (Gargas & Taylor 1992), NS41, 
NS19b (Hibbett 1996), NRC3R and NRC4R (Peterson & Pfister 2010); 28S 
rDNA: LR0R (Vilgalys unpubl.), CTB6, LR5 and LR7 (Vilgalys & Hester 
1990); tef1: EF1-983F and EF1-2218R (Rehner 2001), rpb1: RPB1-AFasc and 
RPB1-6R1asc (Hofstetter et al. 2007). In addition, ITS region was amplified 
using ITS0F and ITS4 but omitted from phylogenetic analyses because of too 
high variability. 
PCR included an initial step of 3 or 15 min at 95 °C, followed by 35 cycles 
of 30 s at 95 °C, 30 s at 55 °C for ITS and tef1 intron, or at 57°C for tef1 exon, 
rpb1 and rpb2, or at 59°C for FG1093, and 1 min at 72 °C, and a final step of 
10 min at 72 °C. PCR products were purified using either Exo-Sap enzymes 
(Sigma, St. Louis, MO, USA) or MoBio UltraClean™ PCR CleanUp™ Kit 
(MoBio Laboratories, West Carlsbad, CA, USA) according to manufacturers’ 
instructions. Sequencing was performed by MWG Biotech (Ebersberg, 
Germany) or by Macrogen Inc. (Seoul, Korea or Amsterdam, The Netherlands). 
 
 
Sequence alignment and phylogenetic analysis 
Sequences were edited and assembled with Sequencher 4.10.1 (Gene Codes, 
Ann Arbor, MI, USA). Datasets for each marker were aligned with Mafft online 
version (Katoh and Toh 2008) and edited manually using Se-Al 2.0a11 
(Rambaut 1996) or Genedoc 2.7 (Nicolas et al. 1997).  
For Geopora, maximum parsimony (MP) analysis was performed with 
PAUP* 4.0b10 (Swofford 2003) applying heuristic search with random step-
wise sequence addition, all characters equally weighted, tree bisection-recon-
nection (TBR) branch swapping, and gaps treated as missing data. 1000 random 
sequence addition replicates were performed saving no more than 100 trees per 
replicate. Support of individual clades was assessed by parsimony bootstrap 
analysis that was performed using heuristic search with 1000 bootstrap repli-
cates, each consisting of a single random sequence addition replicate. Bayesian 
analyses were performed using MrBayes 3.1.2 (Huelsenbeck and Ronquist 
2001; Ronquist and Huelsenbeck 2003). Metropolis-coupled MCMC method 
was applied using SYM+I+G model that was previously selected by 
MrModeltest 2.2 (Nylander 2004). Two parallel MCMC analyses each con-
sisting of one cold and three heated chains were performed for 1,000,000 
generations. Both analyses initiated with random starting trees. Every 100th 
generation was sampled. From the trees sampled, 5000 first trees were dis-
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carded as the burn-in. Remaining trees were used to calculate Bayesian poste-
rior probabilities of the clades. 
For Hypomyces, the combined five-gene data were divided into seven 
partitions, distinguishing coding and non-coding regions of each gene. The 
evolutionary models for constructing Bayesian and maximum likelihood 
phylogenies were selected using AIC in MrModeltest (Nylander 2004) as 
follows: rpb1 exon and rpb2, SYM+I+G; rpb1 intron, SYM; tef1 and FG1093 
introns, HKY+G; tef1 exon, HKY+I+G; FG1093 exon, K80. For ITS region 
GTR+I+G was selected. For Bayesian inference, MrBayes v.3.1.2 (Huelsenbeck 
and Ronquist 2001; Ronquist and Huelsenbeck 2003) was used to analyse the 
partitioned five-gene dataset as well as ITS dataset. Two parallel MCMC 
analyses were performed, each consisting of four chains initiated from random 
starting trees. For five-gene data, the analyses were run for 100 hours at 
CIPRES Science Gateway v3.3 (http://www.phylo.org/index.php/portal/). Every 
1000th generation was sampled from the total of 53,753,000. The first 14,000 
trees were discarded as burn-in based on at which generation the log likelihood 
scores reached stationary level; the average standard deviation of split 
frequencies had reached 0.04. Posterior probabilities (PP) were calculated from 
remaining 39,753 trees.  
Maximum likelihood (ML) analysis of the five-gene partitioned data was 
performed with Garli 2.0 (Zwickl 2006), with maximum number of generations 
set for 5,000,000. Automatic termination condition was used, setting the num-
ber of generations without topology improvement, required for termination, to 
20,000. Support for individual clades was assessed by running 100 bootstrap 
replicates in Garli. Subsequently, PAUP* 4b10 (Swofford 2003) was used to 
compute the consensus tree. ML analysis of ITS rDNA data was run in RAxML 
(Stamatakis et al. 2008), applying the gamma model of rate heterogeneity.  
In Encoelia, MrBayes v.3.1.2 (Huelsenbeck and Ronquist 2001; Ronquist 
and Huelsenbeck 2003) was used to analyse the partitioned four-gene dataset as 
well as SSU+LSU dataset implementing GTR+I+G model. Two parallel 
MCMC analyses were performed, each consisting of four chains initiated from 
random starting trees. The analyses were run for 10,000,000 generations at 
CIPRES Science Gateway v3.3. Every 1000th generation was sampled. The first 
1000 trees in four-gene analysis and 5000 in SSU+LSU analysis were discarded 
as burn-in. Posterior probabilities (PP) were calculated from remaining trees. 
The confidence of branching was also assessed by 1000 MP bootstrap replicates 
conducted in PAUP* 4.0b10 (Swofford 2003).  
Similarity of ITS sequences in all studied groups was assessed using 
Blastclust at PlutoF workbench (Abarenkov et al. 2010) by clustering the 
sequences at different identity tresholds. 
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RESULTS AND DISCUSSION 
Delimitation of genera 
Delimitation of genera was studied in Geopora and Encoelia. Geopora was 
shown to be paraphyletic (II) but Encoelia polyphyletic (IV). Our studies 
revealed phylogenetic relationships of distinct lineages observed in both genera.    
In case of species assigned to Geopora, ascocarp type was shown to provide 
morphological distinction of monophyletic groups. All apothecial Geopora 
species form a well-supported monophyletic group. The ptychothecial Geopora 
spp. form the sister clade to ptychothecial Picoa, these together constituting a 
basal branch to the group of apothecial Geopora. Unlike apothecial Geopora, 
this basal lineage is only moderately supported. This does not support uniting 
Picoa with ptychothecial members of Geopora, furthermore, there are re-
markable differences in their ascocarp anatomy and habitats (Alsheikh & 
Trappe 1983, Montecchi & Sarasini 2000, Sbissi et al. 2010). Therefore, we 
suggest the apothecial species within the paraphyletic Geopora to be reassigned 
to Sepultaria, yielding two monophyletic genera (II).  
Encoelia appeared highly polyphyletic in all analyses with eight included 
species being distributed among six distinct clades in the phylogenies (IV). This 
is in accordance with the very high morphological and developmental 
heterogeneity reported in literature (e.g. Korf & Kohn 1976, Bellemere 1977, 
Spooner & Trigaux 1985, Verkley 1995, Baral & Richter 1997). As none of the 
seven analysed Encoelia species appeared congeneric with E. furfuracea, these 
have to be excluded from the genus and assigned to appropriate genera. The 
type species, E. furfuracea, is closely related to Velutarina rufo-olivacea, 
Cenangiopsis quercicola and Crumenulopsis sp., which form the sister group of 
Hemiphacidiaceae. Whereas these four species share some morphological 
similarities, the differences in fruitbody development, ascus pore amyloid 
reaction and the nature of ascospores do not advocate merging these taxa.  
Majority of the analysed encoelioid genera were shown to belong to the 
clade ‘Encoelioideae’ sensu Peterson & Pfister. Most of the included members 
share several morphological characters, e.g. branched stipe, ionomidotic 
reaction and ectal excipulum cells embedded in gel. However, none of the three 
genera (Cordierites, Encoelia, Ionomidotis), each represented by three species 
in the analysis of rDNA data, appeared monophyletic within this clade. The 
remaining species of Encoelia (E. fascicularis, E. fuckelii, E. glauca, 
E. tiliacea) were shown to be even more distantly related to the type species. 
This is consistent with morphological differences such as the structure of 
excipular cells and fruit-body development including the presence or absence of 
sclerotial or stromatal tissues. In order to delimit genera currently accepted in 
Encoelia, more inclusive morphological and molecular studies are needed. 
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Species delimitation based  
on morphological characters 
Features of ascospores provide the main morphological characters for the dis-
tinction of species in studied collections of Geopora and Hypomyces repre-
sented only by the teleomorph. Ascospore size is applicable as the only charac-
ter distinguishing between some species of apothecial Geopora (G. arenicola, 
G. tenuis, G. sepulta). In some cases, a combination of ascospore size and other 
morphological characters are needed to identify the species (G. gilkeyae and 
G. tolucana). In contrast, the monophyletic groups within species complexes, 
such as G. cervina and G. cooperi, cannot be explicitly distinguished on the 
basis of morphology. The species of Encoelia are easily distinguishable using 
morphological characters. However, this is expected as they show affinities to 
members of different families, thus being only distantly related.  
Ascospore size is also the only distinguishing character among the species in 
the studied group of temperate aurofusarin-producing Hypomyces in case only 
the teleomorph is available for study. While teleomorphs are frequently found 
only in H. rosellus s. l., the anamorphic stage provides a valuable set of charac-
ters for the identification of all species in the group. If teleomorphs were the 
only stage in Hypomyces, then morphology-based distinction of current species 
would not really be possible, thus giving way to different concepts of species 
and their limits. Furthermore, with genetically well-segregated groups that can-
not be distinguished on morphological basis, the situation would be analogous 
to that observed in Geopora. 
Morphologically, the species are relatively well delimited in Hypomyces and 
Encoelia, but not in Geopora. In Geopora and also in the studied subgroup of 
Hypomyces the selected genetic markers strongly support lineages that cannot 
be distinguished based on morphology. Several such lineages were observed in 
H. rosellus s.l., comprising several cryptic species distinguished by differences 
in their hosts and geographical distribution ranges and to lesser extent in mor-
phology (III).  
High infraspecific morphological variation in Geopora complicates species 
delimitation as it masks the variation among the species. In apothecial Geopora, 
most of the clades comprised specimens that were assigned to different species 
based on identification relying mostly on ascospore dimensions. Although the 
spore measures overlap to great extent among the clades of both epigeous and 
hypogeous taxa, in most cases the pairwise comparisons of lineages of epigeous 
species revealed that the spore size was significantly different. Other characters, 
such as colour of the hymenium, hair length and shape and position of the fruit-
body, were mostly homogenous within each clade; however, these characters 




Recognition of monophyletic taxa based  
on molecular characters 
The resolving power of ITS rDNA varied among studied groups of ascomycetes 
(Table 1). In Geopora, ITS region provides sufficient characters to reconstruct 
well-resolved phylogenies in which most of the lineages are well supported. In 
contrast, the ITS variation in Hypomyces is extremely low, reaching 1.4% of 
genetic distance in the studied group comprising six described and at least six 
cryptic species, and merely 0.4% in the clade comprising all members of the 
ingroup except for H. odoratus. The variability of the ITS regions is extremely 
high among species of Encoelia. This is explained by the polyphyly of the 
genus, as the species were shown to belong to six distantly related groups across 
the Helotiales. In this case, the ITS region proved to be too variable to permit 
the inclusion of all of them in a joint alignment matrix.  
Differences in variability of ITS can be striking at species level in different 
groups of ascomycetes, therefore, different threshold levels are needed for 
molecular species recognition (Nilsson et al. 2008, Schoch et al. 2012). In Geo-
pora, variation in ITS is high, enabling to use the ITS as a barcoding gene 
around the 97% threshold level. The very low ITS variation in the studied group 
of closely related species of Hypomyces indicates the need for applying a more 
restricted species recognition threshold than the 97% sequence similarity, rou-
tinely used for species identification in most current ecological studies in-
volving fungal diversity. Moreover, lack of hiatus between the infra- and inter-
specific variation limits the use of ITS as a barcoding gene region in this group 
advocating application of the more variable regions in tef1 introns and rpb2 
(III). The situation is similar in many groups of ascomycetes, e.g. Fusarium, 
Penicillium, Aspergillus and Cladosporium, where genealogical concordance 
phylogenetic species recognition criteria should be implemented (Geiser et a. 
2007, Schubert et al. 2007, O’Donnell & Cigelnik 1997, Skouboe et al 1999, 
Gazis et al. 2011).  
By contrast, ITS variation in Encoelia is extremely high as expected due to 
its polyphyly. Whereas extremely high infrageneric ITS variation in Encoelia 
prevents to set a definite species recognition threshold, it is suitable for bar-
coding gene as infraspecific similarity in studied species is 98.5% .Very high 
variability of ITS sequences has also been found in resupinate cantharelloid 
basidiomycete Tulasnella (Taylor & McCormick 2008, J. Oja, unpublished), in 
Glomeromycota (Stockinger et al. 2010) and in the pezizalean genus Neottiella 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Combined multigene analyses result in better resolved trees and larger number 
of highly supported lineages compared to separate analyses of the same genes. 
In Hypomyces, phylogeny of combined four protein-coding DNA regions gave 
strong support to species recognised on morphological grounds as well as 
several lineages apparently representing undescribed taxa. When analysed sepa-
rately, rpb2 and tef1 gene regions yielded phylogenetic trees with mainly con-
gruent topology compared to combined 4-gene analyses. Mostly, the support 
values in separate analyses of the two genes were comparable to those of com-
bined multigene trees except for some of the terminal clades, which received 
slightly weaker support. In contrast, separate analyses of rpb1 and FG1093 
genes resulted in poorly resolved trees with low support values to most of the 
clades.  
In Encoelia, the basal branches of the phylogenetic tree based on rDNA 
sequences were poorly supported compared to the phylogeny based on a 
reduced set of taxa and the inclusion of tef1 and rpb1 genes. The eight Encoelia 
species were distributed among six distinct clades. Type of the genus, 
E. furfuracea, appeared closely related to Velutarina rufo-olivacea, Velutarina 
sp., Cenangiopsis quercicola and Crumenulopsis sp. that all form the sister 
group of Hemiphacidiaceae. ‘Encoelioideae’ sensu Peterson and Pfister inclu-
des E. fimbriata, E. helvola and E. heteromera that do not form a monophyletic 
group. Considering the consistency in the results of various analyses and 
support values for individual clades, only two Encoelia species can une-
quivocally be placed in well-established monophyletic groups in the Helotiales 
recognised at family level. Namely, E. fascicularis belongs to the Scleroti-
niaceae and E. tiliacea to Rutstroemiaceae. As the order Helotiales is very 
diverse but seriously undersampled in terms of molecular sequences, it is 
difficult to assess phylogenetic relationships at family and genus level 




Most of Geopora lineages have been shown to include ectomycorrhizal mem-
bers. With one exception, Geopora species are generalists displaying some 
preference at the host genus level but less so at species level. Photobionts in 
EcM associations involving studied Geopora species include coniferous and 
deciduous trees such as Pinus, Quercus, Betula, Salix, Tilia and Populus. In 
addition, Geopora has been shown to form ectomycorrhizas with Pseudotsuga, 
Tsuga, Abies and Cedrus (Fogel 1994). Moreover, Geopora species from 
several apothecial and ptychothecial lineages have shown to associate with 
roots of orchids from the genus Epipactis. By contrast, G. cercocarpi is found 
to be host-specific, forming ectomycorrhiza exclusively with Cercocarpus 
ledifolius (McDonald et al. 2010, Southworth & Frank 2011), a wooden mem-
ber of Rosaceae, which occurs in western part of North America. As in Geopora 
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there are clades with either numerous or occasional mycorrhizal sequences, as 
well as clades with no mycorrhizal associations detected, it is possibe that some 
species are more apt to form mycorrhiza than others. However, no evidence has 
been found for EcM fungi to reverse to saprotrophic lifestyle (Tedersoo et al. 
2010). Moreover, the most closely related lineages of Geopora, e.g. Picoa and a 
part of the polyphyletic Tricharina, have been proved to be mycorrhizal 
(Gutierrez et al. 2003, Trocha et al. 2006, Smith et al. 2009). Therefore it seems 
reasonable to consider EcM lifestyle as plesiomorphic for this larger group in 
Pyronemataceae, inherent to all species of Geopora and the related genera.  
In Hypomyces, various host preference strategies exist. Hosts of temperate 
aurofusarin-producing Hypomyces belong primarily to five orders of Agari-
comycetes (Basidiomycota): Agaricales, Russulales, Polyporales, Hymeno-
chaetales and Thelephorales. Occasionally members of this group have been 
collected on fruitbodies of Boletales and Gomphales. Despite considerable 
overlap in host ranges, several of the species are distinguished by their host 
preference. While H. rosellus in the strict and broad sense has been found 
growing on species from all five basidiomycete orders, H. odoratus is almost 
exclusively confined to annual agaricalean basidiomata of the Agaricales. In 
addition to generalists (H. odoratus, H. rosellus s. str.), there are also species 
defined by hosts’ taxonomic identity (C. rubrobrunnescens on Inocybe spp.) or 
ecology (C. tenue, several subclades in H. rosellus s.l.). 
Most of the species described in Encoelia are host specific, occurring on se-
lected genera of deciduous trees such as Ulmus, Tilia, Prunus, Carpinus, Acer, 
Populus, Salix, Corylus or on bamboo culms. By contrast, E. furfuracea has 
been found on both Corylus and Alnus, and E. fascicularis on Populus, 




Studied species from three groups of ascomycetes exhibit various patterns of 
geographic distribution. Whereas there are no cosmopolitan species, a number 
of species occur in several continents, and only a few are restricted to smaller 
regions (Fig.1). 
Ptychothecial Geopora species exhibit geographic segregation. The two 
complexes of G. cooperi are restricted to North America and Europe, respec-
tively (II). Similarly, G. tolucana has been found only in North America. 
Among apothecial Geopora no geographical segregation could be found. With 
the exception of G. ledifolius, all of the lineages of apothecial Geopora occur in 
Europe and possibly also in North America and Asia, relying on reports mostly 
not including molecular evidence (Ohenoja & Ohenoja 2010, Bates 2006, 
Seaver 1928, Zhang & Yu 1992, Wei et al. 2010, Lee et al. 2012, Ishida et al. 
2009, Kumar & Sharma 2009). The only records of apothecial Geopora from 




























































































































































































































































































































































































































































































































































































The most common aurofusarin-producing Hypomyces species in northern tem-
perate regions, H. rosellus s. str. and H. odoratus are represented in Europe and 
Asia, the latter also in North America. In contrast, the genetically segregated 
lineages in the remaining part of H. rosellus s.l. are confined exclusively to east 
or the west coast of North America, Eurasia or Europe. According to the records 
to date, C. tenue and C. rubrobrunnescens occur only in Europe, H. dacty-
larioides in New Zealand, and C. multiseptatum in Australia and New Zealand.  
In Geopora and Hypomyces, there are genetically segregated groups ex-
hibiting either distinct or broad and overlapping distribution. Similar situation 
has been described for other ascomycetes, e.g. Fusarium oxysporum and F. gra-
minearum species complexes and in Morchella comprising several mor-
phologically indistinguishable species with various patterns of distribution 
(Starkey et al. 2007, Kvas et al. 2009, Lievens et al. 2009, Sarver et al. 2011, 
O’Donnell et al. 2011, Taşkin et al. 2012). Similarly to Aspergillus fumigatus 
(Pringle et al. 2005), apothecial Geopora and Hypomyces odoratus exhibit no 
geographic segregation. The latter species includes the majority of cobweb 
strains isolated from industrial mushroom beds. The lack of geographic seg-
regation within this pathogenic species contrasts with distribution pattern of 
another pathogen of cultivated mushrooms, Trichoderma aggressivum, in which 
clearly distinguishable forms have been described that occur either in Europe or 
North America (Samuels et al. 2002). 
 
Applications of advances in taxonomy 
Reference sequences obtained from Geopora fruit-bodies in the studies I and II 
facilitate species identification from growing number of mycorrhizal samples. 
Several ectomycorrhizal and orchidoid mycorrhizal samples, originating mostly 
from Europe and North America, were assigned to described species (I, South-
worth & Frank 2011). 
Many helotialean species live as root endophytes in diverse plant taxa 
(Tedersoo et al. 2009, Mayerhofer et al. 2013). To date, their identification has 
been difficult because of scarceness of sequences, especially those from fruit-
bodies. Sequences obtained from reliably identified helotialean fruit-bodies 
during the study IV help to fulfil the demand for reference sequences. 
A number of Hypomyces strains isolated from various mushroom farms with 
cobweb disease symptoms were involved in study III. By applying different 
molecular markers we determined that cobweb disease is mostly caused by 
strains belonging to H. odoratus or several subgroups of H. rosellus s. l., present 
in the local species pool of the particular region. In several cases the pathogen 
was reidentified as H. odoratus despite the original identification as H. rosellus. 
Moreover, we found that all the strains resistant to MBC fungicides belong to a 
single subclade in H. odoratus. This finding assists making informed choices to 




 The genus Geopora is paraphyletic and therefore should be recircumscribed. 
Ascocarp type provides morphological distinction of two well-supported 
monophyletic groups within Geopora (II). We suggest to recognise 
apothecial and ptychothecial lineages as separate genera and to reassign the 
apothecial Geopora to Sepultaria. Apothecial G. arenicola, G. tenuis and 
G. sepulta (I) and ptychothecial G. tolucana (II) are recognised as mono-
phyletic species. Two genetically and geographically distinct lineages, re-
cognized in G. cooperi, probably present distinct species (II). Unlike 
apothecial Geopora, ptychothecial species of Geopora represent geographi-
cally isolated lineages. With a few exceptions, the species of Geopora are 
host generalists forming mycorrhiza with different trees and orchids. 
 Hypomyces rosellus is paraphyletic, comprising H. dactylarioides and 
C. multiseptatum as well as several cryptic species (III). Hypomyces rosellus 
s. str. is characterised by wide host range encompassing five basidio-
mycetous orders. The species occurs in Eurasia but not in North America. By 
contrast, the lineages within H. rosellus s. l. are distinguished by differences 
in their hosts and geographical distribution ranges, including East and West 
coast of North America. Hypomyces odoratus occurs across temperate 
Northern Hemisphere and is confined to annual agaricalean basidiomata. 
Both specialist and generalist host use strategies have evolved in the group. 
In Hypomyces, there are groups defined by hosts’ taxonomic identity 
(C. rubrobrunnescens on Inocybe spp.) or ecology (C. tenue, several sub-
clades in H. rosellus s.l.). Separate lineages appear to be maintained by 
geographic isolation in North America and temperate Australasia but by host 
specialisation in the species occurring sympatrically in Europe and Asia. The 
majority of cobweb isolates belong to H. odoratus, including a weakly 
supported group of fungicide-resistant strains from Europe and North 
America. 
 The genus Encoelia is highly polyphyletic (IV). Of eight analysed Encoelia 
species, only E. fascicularis and E. tiliacea can be unequivocally placed to 
monophyletic families, Sclerotiniaceae and Rutstroemiaceae, respectively. 
The type species of the genus, E. furfuracea, forms a strongly supported 
sister group of Hemiphacidiaceae, which includes also Velutarina rufo-
olivacea, Velutarina sp., Cenangiopsis quercicola and Crumenulopsis sp. 
According to morphology and ecology, these species are too different to 
merge them into one genus. Encoelia helvola, E. heteromera and E. fim-
briata were found to belong to the monophyletic group ‘Encoelioideae’ 
sensu Peterson & Pfister, which also includes species of Cordierites, 
Ionomidotis and Phaeangella. These genera share similarities in morphology 
as well as in cytochemical reactions to different reagents. Exclusion of 
E. furfuracea from this clade necessitates reconsidering the name to be 
applied to the group that includes the majority of encoelioid taxa. Their 
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inclusion in the closely related Cyttariales provides an alternative to 
describing a new taxon at family or order level.  
 The resolving power of ITS rDNA varies to great extent among studied taxa. 
In apothecial Geopora, variation in ITS among species is high, enabling to 
use the ITS as a barcoding gene at the 97% similarity threshold level (I). By 
contrast, variation among ITS regions of closely relates species of Hypo-
myces is extremely low, reaching about 1% of genetic distance. Moreover, 
lack of hiatus between the infra- and interspecific variation limits the use of 
ITS as a barcoding gene region in this group (III). Although the variability of 
the ITS region is extremely high among species of polyphyletic Encoelia, it 
is suitable for barcoding gene as infraspecific similarity is higher than 98% 
(IV). 
 Incorporation of protein-coding sequence data in phylogenetic analyses 
greatly improves the resolution and support values for most branches in the 
calculated phylogenies. Phylogenetic analyses of combined four protein-
coding genes in Hypomyces provide strong support to previously recognised 
species and several cryptic lineages (III). While tef1 and rpb2 can be 
recommended for species delimitation and identification of temperate 
aurofusarin-producing Hypomyces, the other two genes, rpb1 and FG1093 
cannot. In Encoelia, addition of protein-coding gene data in the analysis 
increased support for many relationships that could not be resolved based 
only on rDNA regions (IV). 
 Identification of fungal environmental and agricultural samples relies on 
DNA sequences deposited in public nucleotide sequence databases. There-
fore, the quality of sequences and reliable metadata of voucher specimens, as 
well as sufficient representation of diverse taxon groups in databases, are 
crucial for accurate identification of samples and assessment of biodiversity.  
7
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SUMMARY IN ESTONIAN 
Fülogeneetilise mitmekesisuse korrastamine kolme 
kottseenerühma näitel 
Seente süstemaatikas on tavapäraselt kasutatud morfoloogilist ja bioloogilist 
liigimääratlust, kuid on juhtumeid, kus neid ei saa rakendada. Morfoloogilise 
liigimääratluse kasutamist piirab sageli kas liiga suur või liiga väike varieeru-
vus, peale selle on morfoloogiliste tunnuste põhjal liigipiiride kehtestamine tihti 
kunstlik. Liikide määratlemine ristumisbarjääri alusel ehk bioloogilise liigi-
määratluse kohaselt on küll loomulikum, kuid kõigil seentel ei ole seda võima-
lik rakendada, kuna nad ei paljune suguliselt või ei osata neid kultuuris kasva-
tada. Peale selle võivad mitmed seeneliigid ületada ristumisbarjääri, moodus-
tades liikidevahelisi hübriide. Viimasel ajal on liike hakatud tihti määratlema 
fülogeneetilistel alustel. Sarnaselt morfoloogilisele liikide määratlemisele on 
siingi probleemiks kunstlikkus, kuna otsuse tegemine, kas tunnuse eri seisundid 
tähistavad liigisisest varieeruvust või eri liikidesse kuulumist, on subjektiivne.  
Kui võrrelda samade organismide kuulumist eri meetodite alusel määratletud 
liikidesse, võib erinev olla liikide arv ja seeläbi ka arusaam nende geograafi-
lisest levikust. Harvad pole juhused, kui üks morfoloogia või ristumisbarjääri 
alusel määratletud liik sisaldab mitut fülogeneetilist liiki. Põhjuseks on see, et 
muutusi DNA tasemel on lihtsam tuvastada kui muutusi organismi välimuses, 
eriti kui on tegemist lihtsama ehitusega organismidega. Esimesed muutused 
tekivad alati genoomi tasemel ning selleks ajaks, kui muutused hakkavad 
kajastuma organismi välimuses või ristumisbarjääri tekkes, on genoomis juba 
suured erinevused. 
Paljusid seenerühmi iseloomustab taksonoomiline korratus. Põhjuseks on 
selliste morfoloogiliste tunnuste vähesus, mida saaks kasutada nii kõrgemate 
taksonite kui liikide piiritlemiseks. Sellisteks rühmadeks on ka kottseente hõim-
konda kuuluvad seltsid Pezizales (liudikulaadsed), Helotiales (tiksikulaadsed) ja 
Hypocreales (helekottseenelaadsed), millest igaühest valiti üks liikide rühm, et 
selgitada välja geneetiline varieeruvus ja võimaluse korral piiritleda liigid selli-
selt, et need morfoloogilise ja fülogeneetilise määratluse järgi ühtiksid. Seltsi 
Pezizales kuuluv perekond Geopora (kaevurliudik) kasvab parasvöötmes ja 
sisaldab liike, mis moodustavad mükoriisat mitmete puude ja mõnede orhi-
deedega. Selles perekonnas esineb mitu erinevat viljakeha tüüpi – maapinnal 
kasvavad lehtereoslad, maa sees kasvavad suletud viljakehad ning sellised 
viljakehad, mis arengu algjärgus on kinnised ja küpsedes avanevad maapinnale. 
Seltsist Hypocreales valiti perekonna Hypomyces (üleniidik) üks lähisliikide 
rühm. Sellesse perekonda kuuluvad liigid parasiteerivad erinevatel kott- ja 
kandeenerühmade esindajatel. Valitud rühma kuuluvad liigid esinevad paras-
vöötmes lehik- ja torikseentel ja toodavad punast pigmenti, aurofusariini. Mõ-
ned selle rühma liigid põhjustavad seenekasvandustes šampinjonidel ja auster-
servikutel parasiteerides suurt saagikadu. 
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Seltsi Helotiales kuuluv perekond Encoelia (lõhkik) sisaldab liike, mis kas-
vavad kõdulagundajatena surnud puidul. Viljakehad on arenguliselt ja mor-
foloogiliselt liigiti erinevad, mistõttu perekonda ei peeta monofüleetiliseks. 
Töö eesmärkideks oli perekonnas Geopora välja selgitada liikide ja pere-
konna piirid ning liikide omavahelised sugulussuhted, peremehe-eelistused ja 
levik. Perekonnas Hypomyces oli eesmärgiks iseloomustada liigi H. rosellus ja 
selle lähiliikide geneetilist varieeruvust ning peremehele spetsialiseerumise ja 
geograafilise eraldatuse rolli selle kujunemisel, samuti määrata seenekasvandusi 
laastavate tüvede liigiline kuuluvus ja nende päritolu. Perekonnas Encoelia oli 
eesmärgiks välja selgitada liikide paiknemine tiksikulaadsete (selts Helotiales) 
fülogeneesipuul, samuti selgitada välja perekonna tüüpliigi, E. furfuracea lähi-
sugulased ja kirjeldada vastava liigirühma sünapomorfid. Peale selle oli kõigis 
kolmes seenerühmas eesmärgiks teha kindlaks rDNA ITS regiooni lahutus-
võime liikide määratlemisel, ning perekonnas Hypomyces ja seltsis Helotiales 
lisaks ka mitmete tuumas ühekordselt esinevate valke kodeerivate geenide 
lahutusvõime eri taksonoomilistel tasemetel. 
Perekondade Geopora ja Encoelia uurimiseks kasutati enamjaolt Euroopast 
pärit seenematerjali Eesti Maaülikooli mükoloogia osakonna (TAAM) ja Soome 
Loodusmuuseumi (H) fungaariumidest ning H. O. Barali erakogust. Eksemp-
laridel mõõdeti eoste pikkus ja laius. Perekonna Hypomyces eluskultuurid päri-
nevad eri maailmajagudest ning saadi Eesti Maaülikooli ja Tartu Ülikooli see-
nekultuuride kogust (TFC), ja analoogsetest kollektsioonidest mitmel pool 
maailmas (CBS, IMI, NBRC, MUCL). Nii herbaareksemplaridest kui elus-
kultuuridest eraldati DNA, seejärel amplifitseeriti ja sekveneeriti erinevaid gee-
nipiirkondi: rDNA ITS, SSU ja LSU, ning valke kodeerivatest geenidest rpb1, 
rpb2, tef1 ja FG1093. DNA järjestused joondati ning viidi läbi fülogeneetilised 
analüüsid. 
Selgus, et perekond Geopora on parafüleetiline ja tuleks seetõttu uuesti mää-
ratleda. Suletud ja avatud viljakehadega liigid moodustavad kaks tugeva toetu-
sega monofüleetilist rühma, mida soovitame tunnustada eraldi perekondadena. 
Suletud viljakehaga perekond Geopora liigid osutusid lähedalt sugulasteks 
perekonnaga Picoa. Monofüleetilisteks liikideks osutusid G. arenicola (liiv-
kaevurliudik), G. tenuis, G. sepulta ja G. tolucana. Suletud viljakehaga 
perekond Geopora liigid on geograafiliselt eristunud, kuid avatud viljakehaga 
liigid mitte. Enamjaolt ei ole perekonna Geopora liigid mükoriisat moodustava 
taimpartneri suhtes valivad.  
Parafüleetiliseks osutus ka Hypomyces rosellus (punakas üleniidik), sisal-
dades kahte kirjeldatud liiki ja lisaks mitut morfoloogiliselt eristamatut rühma. 
Liigi H. rosellus s. stricto lai peremeestering hõlmab liike viiest kandseene-
seltsist. Seda liiki on leitud ainult Euroopast ja Aasiast. Hypomyces rosellus s. 
lato teiste, veel kirjeldamata liikide hulgas on erineva peremehe-eelistuse ja 
kitsama geograafilise levikuga rühmi, sealhulgas ka Põhja-Ameerikast. Liik 
Hypomyces odoratus (lõhnav üleniidik) kasvab ainult lehikseente viljakehadel 
nii Euraasias kui Põhja-Ameerikas. On selliseid liike, mis kasvavad ainult ühe 
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kindla peremeheliigi viljakehadel, kui ka selliseid, mis eelistavad pigem teatud 
kindlat viljakeha kasvuvormi (üheaastased lehikseente viljakehad vs. mitme-
aastased torikud). Põhja-Ameerika ja Australaasia liigid on tekkinud tänu geo-
graafilisele eraldatusele, mõned Euroopa ja Aasia liigid aga tänu spetsiali-
seerumisele eri peremeestele. Enamik seenekasvandustest eraldatud tüvesid 
kuulub liiki H. odoratus. Mõned neist tüvedest on fungitsiidide suhtes resistent-
sed ja moodustavad liigi sees omaette monofüleetilise, kuigi nõrgalt toetatud 
rühma. 
Perekond Encoelia osutus polüfüleetiliseks, liigid paiknevad üle terve seltsi 
Helotiales fülogeneesipuu. Seltsisiseste rühmade omavahelised sugulussuhted 
on suures osas ebaselged. Encoelia fascicularis (kobarlõhkik) kuulub sugu-
konda Sclerotiniaceae ja E. tiliacea sugukonda Rutstroemiaceae. Kolm 
Encoelia liiki kuuluvad monofüleetilisse rühma Encoelioideae sensu Peterson 
& Pfister, mis sisaldab morfoloogiliselt sarnaseid liike ka teistest pere-
kondadest. Perekonna tüüpliik E. furfuracea (sametlõhkik) moodustab koos 
liikidega Velutarina rufo-olivacea, Cenangiopsis quercicola ja Crumenulopsis 
sp. sõsarrühma sugukonnale Hemiphacidiaceae.  
rDNA ITS regiooni lahutusvõime liikide eristamisel osutus uuritud seentel 
väga erinevaks. Perekonna Geopora avatud viljakehadega liikidel on ITS 
varieeruv ja seda saab kasutada liikide määramiseks 97% sarnasuse alusel. 
Perekonna Hypomyces uuritud rühmas varieerub ITS regioon äärmiselt vähe. 
Rühmasisene sarnasus ulatub ligi 99%-ni ning kuna ei ole selget piiri liigisisese 
ja liikidevahelise varieeruvuse vahel, ei saa ITS regiooni selles rühmas liikide 
tuvastamiseks kasutada. Perekonna Encoelia polüfüleetilisuse tõttu on ITS 
regioon oodatult väga varieeruv, kuid sobib liikide määramiseks, kuna 
liigisisene sarnasus on üle 98% . 
Perekonnas Hypomyces andis nelja valku kodeeriva geeni järjestuste kombi-
neeritud fülogeneetiline analüüs tulemuseks kõrgelt toetatud liigid ja mitu mor-
foloogiliselt eristamatut rühma. Samu geene üksikult analüüsides andsid sarnase 
tulemuse rpb2 ja tef1, seevastu rpb1 ja FG1093 analüüside tulemuseks olid 
halva lahutusvõimega puud, mille harud olid madala toetusega. 
Molekulaarsete meetodite abil saab liike määrata organismidel, mida tradit-
siooniliste meetoditega ei olnud võimalik määrata. Selliseks näiteks on kesk-
konnaproovid, millest tihti eraldatakse väga erinevatest organismidest pärit 
DNA-d. Selleks, et liike tuvastada, on vaja DNA järjestusi võrrelda sellistest 
viljakehadest pärit DNA-ga, mille liigiline kuuluvus on täpselt teada. Käesoleva 
uurimuse käigus sekveneeritud Geopora liikide ITS järjestused võimaldasid 
mükoriissetest juureproovidest tuvastada seeneliigid, mis olid varem määratud 
vaid perekonna või kõrgemal tasemel. Sekveneeritud rDNA järjestused seltsist 
Helotiales teevad võimalikuks juure-endofüütide ja puidu saprotroofide liikide 
tuvastamise. Samuti on perekonna Hypomyces sekveneeritud rDNA järjestused 
abiks seente patogeenide kiireks ja täpseks määramiseks. Šampinjonidel parasi-
teerivad perekonna Hypomyces liigid on seenekasvandustes olnud aastaid 
probleemiks. Mõned tüved on fungitsiidide vastu resistentsed ja nende liigiline 
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kuuluvus ei ole alati teada. Uurimusse kaasati mitmeid seenekasvandustest eral-
datud haigusttekitavaid tüvesid, mis võimaldas välja selgitada liigid, mis seene-
kasvandusi laastavad. Selgus, et fungitsiidide suhtes resistentsed tüved Euroo-
pas ja Põhja-Ameerikas kuuluvad kõik ühte liigi H. odoratus alamklaadi ja on 
geneetiliselt identsed. Patogeense liigi ja tüve täpne teadmine võimaldab teha 




I am very grateful to my supervisor Kadri Põldmaa. During my studies, Kadri 
has been a very supportive supervisor and determined co-worker with many 
valuable advices and ideas. I thank Bellis Kullman who got me interested in 
fungi, and particularly in discomycetes, for guiding me through my first steps as 
a mycologist. I also thank Urmas Kõljalg for his support. I deeply thank Kadri 
Pärtel for giving such thorough responses to my many last-minute questions, 
and for the feeling that we are in the same boat, i.e. trying to study those tiny, 
and as a rule, almost invisible cups. Both Kadri’s have been backing me up in 
exploring the field of taxonomy in our workgroup dominated by (ecto)mycor-
rhiza-associated people. 
I am very thankful to my colleagues-roommates from past and present: Jane 
Oja, Sergei Põlme, Triin Naadel, Petr Kohout, Teele Jairus, Kessy Abarenkov 
and Leho Tedersoo for their help and inspiring discussions, scientific or 
otherwise. My thanks also go to other colleagues whom I have not had the 
pleasure to share a room with: Anu Kollom, Irja Saar, Marko Peterson, Mo-
hammad Bahram, Irma Zettur, Triin Varvas, Ilmi Parmasto, Kuulo Kalamees, 
Eve Laasik and many more. Special thanks to Rasmus Puusepp for putting up 
with having to deal with the many tricky PCRs. 
Particularly I want to thank my family who have always been there for me 
and believed in me. Thank you. 
31 
REFERENCES 
Abarenkov K, Tedersoo L, Nilsson H, Vellak K, Saar I, Veldre V, Parmasto E, Prous 
M, Aan A, Ots M, Kurina O, Ostonen I, Jõgeva J, Halapuu S, Põldmaa K, Toots M, 
Truu J, Larsson K-H, Kõljalg U. 2010. PlutoF – a web-based workbench for eco-
logical and taxonomic research, with an online implementation for fungal ITS 
sequences. Evolutionary Bioinformatics 6: 189–196. 
Acero FJ, González V, Sánchez-Ballesteros J, Rubio V, Checa J, Bills GF, Salazar O, 
Platas G, Peláez F. Molecular phylogenetic studies on the Diatrypaceae based on 
rDNA-ITS sequences. Mycologia 96: 249–259. 
Adie B, Grogan H, Archer S, Mills P. 2006. Temporal and spatial dispersal of Clado-
botryum conidia in the controlled environment of a mushroom growing room. 
Applied and Environmental Microbiology 72: 7212–7217.  
Alsheikh AM, Trappe JM. 1983. Taxonomy of Phaeangium lefebvrei, a desert truffle 
eaten by birds. Canadian Jornal of Botany 61: 1919–1925. 
Anderson JB, Korhonen K, Ullrich RC. 1980. Relationships between European and 
North American biological species of Armillaria mellea. Experimental Mycology 4: 
87–95. 
Back C-G, Kim Y-H, Jo W-S, Chung H, Jung H-Y. 2010. Cobweb disease on Agaricus 
bisporus caused by Cladobotryum mycophilum in Korea. Journal of General Plant 
Pathology 73: 232–235. doi: 10.1007/s10327-010-0236-3. 
Back C-G, Lee C-Y, Seo G-S, Jung H-Y. 2012. Characterization of species of Clado-
botryum which cause cobweb disease in edible mushrooms grown in Korea. Myco-
biology 40: 189–194. doi: 10.5941/MYCO.2012.40.3.189. 
Baral H-O. 1985. Bausteine zu einer Askomyzeten-Flora der BR Deutschland: Im Süd-
deutschland gefundene Inoperculate Discomyceten. Beihefte zur Zeitschrift für 
Mykologie 6: 1–160. 
Baral H-O & Richter U. 1997. Encoelia siparia im Naturschutzgebiet Kollenbeyer 
Holz, mit Anmerkungen zu nahestehenden Encoelia-Arten. Boletus 21(1): 39–47. 
Bates ST. 2006. A preliminary checklist of Arizona macrofungi. Canotia 2: 47–78. 
Bellemere A. 1977. L’appareil apical de l’asque chez quelques Discomycetes: Étude 
ultrastructurale comparative. Revue de Mycologie 41: 233–263. 
Benkert D. 2010. Die Gattung Geopora Harkn. (Pezizales) in Deutschland – Erfahrun-
gen und offene Fragen. Zeitschrift für Mykologie 76: 129–152. 
Bhatt N, Singh RP. 2002. Cobweb disease of Agaricus bisporus: incidence, losses and 
effective management. In: Sanchez E et al. (eds), Mushroom Biology and Mushroom 
Products, Proceedings of the 4th International Conference, Feb 20–23. Cuernavaca, 
Mexico, pp 161–169. ISBN 968-878-105-3. 
Bidartondo MI, Burghardt B, Gebauer G, Bruns TD, Read DJ. 2004. Changing partners 
in the dark: isotopic and molecular evidence of ectomycorrhizal liaisons between 
forest orchids and trees. Proceedings of the Royal Society B 271: 1799–1806 
doi:10.1098/rspb.2004.2807 
Burdsall HH jr. 1968. A revision of the genus Hydnocystis (Tuberales) and of the 
hypogeous species of Geopora (Pezizales). Mycologia 60: 496–525. 
Campbell J, Volkmann-Kohlmeyer B, Gräfenhan T, Spatafora JW, Kohlmeyer J. 2005. 
A re-evalutation of Lulworthiales: Relationships based on 18S and 28S rDNA. 
Mycological Research 109: 556–568. 
32 
Carbone I, Kohn LM. 1999. A method for designing primer sets for speciation studies in 
filamentous ascomycetes. Mycologia 91: 553–556. 
Carlsen T, Engh IB, Decock C, Rajchenberg M, Kauserud H. 2011. Multiple cyrptic 
species with divergent substrate affinities in the Serpula himantioides species 
complex. Fungal Biology 115: 54–61. 
Coetzee MPA, Wingfield BD, Bloomer P, Wingfield MJ. 2005. Phylogenetic analyses 
of DNA sequences reveal partitions amongst isolates of Armillaria from Africa. 
Mycological Research 109: 1223–1234. 
Dennis RWG. 1968. British ascomycetes. 2nd ed, London. 
Dettman JR, Jacobson DJ, Taylor JW. 2003. A multilocus genealogical approach to 
phylogenetic species recognition in the model eukaryote Neurospora. Evolution 57: 
2703–2720. 
Dettman JR, Jacobson DJ, Taylor JW. 2006. Multilocus sequence data reveal extensive 
phylogenetic species diversity within the Neurospora discreta complex. Mycologia 
98: 436–446. 
Ferrer A, Miller AN, Sarmiento C, Shearer CA. 2012. Three new genera representing 
novel lineages of Sordariomycetidae (Sordariomycetes, Ascomycota) from tropical 
freshwater habitats in Costa Rica. Mycologia 104: 865–879. 
Fogel R. 1994. Fungi from the Columbia Basin deposited in the University of Michigan 
Herbarium (MICH). University of Michigan, USA. 
Francis SA, Roden BC, Adams MJ, Weiland J, Ascher MJC. 2007. Comparison of ITS 
sequences from UK and North American sugar-beet powdery mildews and the 
designation of Erysiphe betae. Mycological Research 111: 204–212. 
Fujimura KE, Smith JE, Horton TR, Weber NS, Spatafora JW. 2005. Pezizalean 
mycorrhizas and sporocarps in ponderosa pine (Pinus ponderosa) after prescribed 
fires in eastern Oregon, USA. Mycorrhiza 15: 79–86. 
Gamundí IJ. 1975. Fungi Ascomycetes Pezizales. In: Guarrera SA, Gamundi de Amos I, 
de Halperin DR (eds). Flora Criptogamica Tierra del Fuego 10 (3). Fundación para 
la Educatión, la Ciencia y la Cultura, Buenos Aires, pp 1–173. 
Gamundí IJ. 2010. Genera of Pezizales of Argentina 1. An updating of selected genera. 
Mycotaxon 113: 1–60. 
Gardes M, Bruns TD. 1993. ITS primers with enhanced specificity for basidiomycetes – 
application to the identification of mycorrhizae and rusts. Molecular Ecology 2: 
113–118. doi: 10.1111/j.1365-294X.1993.tb00005.x. 
Gargas A, Taylor JW. 1992. Polymerase chain reaction (PCR) primers for amplifying, 
sequencing nuclear 18S rDNA from lichenized fungi. Mycologia 84: 589–592. 
Gazis R, Rehner S, Chaverri P. 2011. Species delimitation in fungal endophyte diversity 
studies and its implications in ecological and biogeographic inferences. Molecular 
Ecology 20: 3001–3013. 
Gea FJ, Navarro MJ, Carrasco J, González AJ, Suz LM. 2012. First report of cobweb on 
white button mushroom (Agaricus bisporus) in Spain caused by Cladobotryum 
mycophilum. Plant Disease 96: 1067. doi: 10.1094/PDIS-02-12-0120-PDN. 
Gea FJ, Navarro MJ, Suz LM. 2011. First report of Cladobotryum mycophilum causing 
cobweb on cultivated king oyster mushroom in Spain. Plant Disease 95: 1030. doi: 
10.1094/PDIS-03-11-0255. 
Gehring CA, Theimer TC, Whitham TG, Keim P. 1998. Ectomycorrhizal fungal 
community structure of pinyon pines growing in two environmental extremes. 
Ecology 79: 1562–1572. 
33 
Geiser DM, Klich MA, Frisvad JC, Peterson SW, Varga J, Samson RA. 2007. The 
current status of species recognition and identification in Aspergillus. Studies in 
Mycology 59: 1–10. 
Geiser DM, Pitt JI, Taylor JW. 1998. Cryptic speciation and recombination in the 
aflatoxin-producing fungus Aspergillus flavus. Proceedings of National Academy of 
Science, USA 95: 388–393. 
Grogan HM, Gaze RH. 2000. Fungicide resistance among Cladobotryum spp. – causal 
agants of cobweb disease of the edible mushroom Agaricus bisporus. Mycological 
Research 104: 357–364. doi: 10.1017/S0953756299001197. 
Gutierrez A, Morte A, Honrubia M. 2003. Morphological characterization of the 
mycorrhiza formed by Helianthemum almeriense Pau with Terfezia claveryi Chatin 
and Picoa lefebvrei (Pat.) Maire. Mycorrhiza 13: 299–307. 
Hansen K, Læssøe T, Pfister DH. 2001. Phylogenetics of the Pezizaceae, with an 
emphasis on Peziza. Mycologia 93: 958–990. 
Hansen K, Læssøe T, Pfister DH. 2002. Phylogenetic diversity in the core group of 
Peziza inferred from ITS sequences and morphology. Mycological Research 106: 
879–902. 
Hansen K, Perry BA, Dranginis AW, Pfister DH. 2013. A phylogeny of the highly 
diverse cup-fungus family Pyronemataceae (Pezizomycetes, Ascomycota) clarifies 
relationships and evolution of selected life history traits. Molecular Phylogenetics 
and Evolution 67: 311–335. 
Hansen K, Pfister DH. 2006. Systematics of the Pezizomycetes – the operculate 
discomycetes. Mycologia 98: 1031–1041. 
Harkness HW. 1885. Fungi of the Pacific Coast. Bulletin of the Southern California 
Academy of Sciences 1: 159–176. 
Hibbett DS, Donoghue MJ. 1996. Implications of phylogenetic studies for conservation 
of genetic diversity in shiitake mushrooms. Conservation Biology 10: 1321–1327. 
Hibbett DS. 1996. Phylogenetic evidence for horizontal transmission of group I introns 
in the nuclear ribosomal DNA of mushroom-forming fungi. Molecular Biology and 
Evolution 13: 903–917. 
Hofstetter V, Miadlikowska J, Kauff F, Lutzoni F. 2007. Phylogenetic comparison of 
protein-coding versus ribosomal RNA-coding sequence data: A case study of the 
Lecanoromycetes (Ascomycota). Molecular Phylogenetics and Evolution 44: 412–
426. doi:10.1016/j.ympev.2006.10.016. 
Huelsenbeck JP, Ronquist F. 2001. MRBAYES: Bayesian inference of phylogenetic 
trees. Bioinformatics 17: 754–755. doi:10.1093/bioinformatics/17.8.754. 
Ishida TA, Nara K, Ma S, Takano T, Liu S. 2009: Ectomycorrhizal fungal community 
in alkaline-saline soil in northeastern China. Mycorrhiza 19: 329–335. 
Katoh K, Toh H. 2008. Recent developments in the MAFFT multiple sequence 
alignment program. Briefings in Bioinformatics 9: 286–298.  
doi:10.1093/bib/bbn013. 
Kauff F, Lutzoni F. 2002. Phylogeny of the Gyalectales and Ostropales (Ascomycota, 
Fungi): Among and within order relationships based on nuclear ribosomal RNA 
small and large subunits. Molecular Phylogenetics and Evolution 25: 138–156. 
Kauserud H, Stensrud Ø, Decock C, Shalchian-Tabrizi K, Schumacher T. 2006. 
Multiple gene genealogies and AFLPs suggest cryptic speciation and long-distance 




Kers LE. 1974. The Swedish Geoporae and their pyrenomycete infections. Svensk 
Botanisk Tidsskrift 68:344–354 
Khan I, Shah F, Bulman S, Scott I. 2008. Molecular diagnostic tools for improved 
mushroom production. In: Abstracts of the XVII International Congress on the 
Science and Cultivation of Edible and Medicinal Fungi, Cape Town, South Africa. 
Korf RP. 1973. Discomycetes and Tuberales. In: Ainsworth GC, Sparrow FK & 
Sussman AS (eds.) The Fungi: an Advanced Treatise. Vol 4B. Academic Press, New 
York 249–319 pp. 
Korf RP, Kohn LM. 1978. Notes on Phibalis, type genus of the Encoelioideae 
(Discomycetes). Memoirs of the New York Botanical Garden 28 (1): 109–118. 
Kredics L, Jimenez LG, Naeimi S, Czifra D, Urban P, Manczinger L, Vagvölgyi C, 
Hatvani L. 2010. A challenge to mushroom growers: the green mould disease of 
cultivated champignons. In: Méndez-Vilas A. (ed.) Current research, technology and 
education topics in applied microbiology and microbial biotechnology. Formatex, 
295–305 pp. 
Kumar S, Sharma YP. 2009. Some potential wild edible macrofungi of Jammu province 
(Jammu and Kashmir), India. Indian Journal of Forestry 32: 113–118. 
Kvas M, Marasas WFO, Wingfield BD, Wingfield MJ, Steenkamp ET. 2009. Diversity 
and evolution of Fusarium species in the Gibberella fujikuroi complex. Fungal 
Diversity 34: 1–21. 
Lee E-H, Eo J-K, Lee C-S, Eom A-H. 2012. Effect of soil ameliorators on ecto-
mycorrhizal fungal communities that colonize seedlings of Pinus densiflora in 
abandoned coal mine spoils. Mycobiology 40: 168–172. 
Lievens B, Van Baarlen P, Verreth C, Van Kerckhove S, Rep M, Thomma BPHJ. 2009. 
Evolutionary relationships between Fusarium oxysporum f. sp. lycopersici and F. 
oxysporum f. sp. radicis-lycopersici isolates inferred from mating type, elongation 
factor-1α and exopolygalacturonase sequences. Mycological Research 113: 1181–
1191. 
Liu YJ, Whelen S, Hall BD. 1999. Phylogenetic Relationships Among Ascomycetes: 
Evidence from an RNA Polymerse II Subunit. Molecular Biology and Evolution 16: 
1799–1808. doi:10.1093/oxfordjournals.molbev.a026092. 
LoBuglio KF, Pfister DH. 2010. Placement of Medeolaria farlowii in the 
Leotiomycetes, and comments on sampling within the class. Mycological Progress 
9: 361–368. 
Lumbsch HT, Huhndorf SH. 2010. Myconet Volume 14. Fieldiana, Life and Earth 
Sciences 1: 1–64. 
Lumbsch HT, Lindemuth R, Schmitt I. 2000. Evolution of filamentous ascomycetes 
inferred from LSU rDNA data. Plant Biology 2: 525–529. 
Mayerhofer MS, Kernaghan G, Harper KA. 2013. The effects of fungal root endophytes 
on plant growth: a meta-analysis. Mycorrhiza 23: 119–128. 
McDonald KR, Pennell J, Frank JL, Southworth D. 2010. Ectomycorrhizas of 
Cercocarpus ledifolius (Rosaceae). American Journal of Botany 97: 1867–1872. 
McKay GJ, Egan D, Morris E, Brown AE. 1998. Identification of benzimidazole 
resistance in Cladobotryum dendroides using a PCR-based method. Mycological 
Research 102: 671–676. 
McKay GJ, Egan D, Morris E, Scott C, Brown AE. 1999. Genetic and morphological 
characterization of Cladobotryum species causing cobweb disease of mushrooms. 
Applied and Environmental Microbiology 65: 606–610. 
Montecchi A, Sarasini M. 2000. Fungi ipogei d’Europa. AMB, Trento. 
35 
Nannfeldt JA. 1932. Studien über die Morphologie und Systematik der nichtliche-
nisierten Inoperculaten Discomyceten. Nova Acta Regiae Societatis Scientiarum 
Upsaliensis. Ser. 4, Vol. 8 (2): 1–386. 
Nicholas KB, Nicholas HB, Deerfield DW. 1997. GeneDoc: Analysis and Visualization 
of Genetic Variation. Embnew News 4: 14. 
Nilsson RH, Kristiansson E, Ryberg M, Hallenberg N, Larsson K-H. 2008. Intraspecific 
ITS variability in the kingdom of Fungi as expressed in the international sequence 
databases and its implications for molecular species identification. Evolutionary 
Bioinformatics 4: 193–201. 
Niskanen T, Kytövuori I, Liimatainen K. 2009. Cortinarius sect. Brunnei (Basi-
diomycota, Agaricales) in North Europe. Mycological Research 113: 182–206. 
Nylander JAA. 2004. MRMODELTEST 2.2. Evolutionary Biology Centre, Uppsala 
University, Uppsala. 
O’Donnell K, Cigelnik E. 1997. Two divergent intragenomic rDNA ITS2 types within a 
monophyletic lineage of the fungus Fusarium are nonorthologous. Molecular 
Phylogenetics and Evolution 7: 103–116. 
O’Donnell K, Cigelnik E, Weber NS, Trappe JM. 1997. Phylogenetic relationships 
among ascomycetous truffles and the true and false morels inferred from 18S and 
28S ribosomal DNA sequence analysis. Mycologia 89: 48–65. 
O’Donnell K, Humber RA, Geiser DM, Kang S, Robert VARG, Crous PW, Johnston 
PR, Aoki T, Rooney AP, Rehner SA. 2012. Phylogenetic diversity of insecticolous 
fusaria inferred from multilocus DNA sequence data and their molecular 
identification via FUSARIUM-ID and Fusarium MLST. Mycologia 104: 427–445. 
O’Donnell K, Kistler HC, Cigelnik E, Ploetz RC. 1998. Multiple evolutionary origins of 
the fungus causing Panama disease of banana: concordant evidence from nuclear 
and mitochondrial gene genealogies. Proceedings of the National Academy of 
Science of the USA 95: 2044–2049. doi: doi:10.1073/pnas.95.5.2044. 
O’Donnell K, Rooney AP, Mills GL, Kuo M, Weber NS, Rehner SA. 2011. Phylogeny 
and historical biogeography of true morels (Morchella) reveals an early Cretaceous 
origin and high continental endimism and provincialism in the Holarctic. Fungal 
Genetics and Biology 48: 252–265. 
Ohenoja E, Ohenoja M. 2010. Larger fungi of the Canadian Arctic. North American 
Fungi 5: 85–96. 
Petersen RH, Hughes KW. 1999. Species and speciation in mushrooms. Bioscience 49: 
440–452. 
Peterson KR, Pfister DH. 2010. Phylogeny of Cyttaria inferred from nuclear and 
mitochondrial sequence and morphological data. Mycologia 102: 1398–1416. 
Platt JL, Spatafora JW. 2000. Evolutionary relationships of nonsexual lichenized fungi: 
molecular phylogenetic hypotheses for the genera Siphula and Thamnolia from SSU 
and LSU rDNA. Mycologia 92: 475–487. 
Potočnik I, Rekanović E, Milijaševitć S, Todorović B, Stepanivić M. 2008. Morpho-
logical and pathogenic characteristics of the fungus Cladobotryum dendroides, the 
causal agent of cobweb disease of the cultivated mushroom Agaricus bisporus in 
Serbia. Pesticide and Phytomedicine (Belgrade) 23: 175–181. 
doi:10.2298/PIF0803175P. 
Pringle A, Baker DM, Platt JL, Wares JP, Latge JP, Taylor JW. 2005. Cryptic spe-
ciation in the cosmopolitan and clonal human pathogenic fungus Aspergillus 
fumigatus. Evolution 59: 1886–1899. 
36 
Põldmaa K. 2000. Generic delimitation of the fungicolous Hypocreaceae. Studies in 
Mycology 45: 83–94. 
Põldmaa K. 2011. Tropical species of Cladobotryum and Hypomyces producing red 
pigments. Studies in Mycology 68: 1–34. doi:10.3114/sim.2011.68.01. 
Rambaut A. 1996. Se-Al: Sequence Alignment Editor http://evolve.zoo.ox.ac.uk. 
Rehner SA, Minnis AM, Sung G-H, Luangsa-ard JJ, Devotto L, Humber RA. 2011. 
Phylogeny and systematics of the anamorphic, entomopathogenic genus Beauveria. 
Mycologia 103: 1055–1073. doi:10.3852/10-302. 
Rehner SA. 2001. Primers for Elongation Factor 1-alpha (EF1-alpha).  
http://www.aftol.org/pdfs/EF1primer.pdf 
Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian phylogenetic inference under 
mixed models. Bioinformatics 19: 1572–1574. doi:10.1093/bioinformatics/btg180. 
Rossman AY. 1996. Morphological and molecular perspectives on systematics of the 
Hypocreales. Mycologia 88: 1–19. 
Rydholm C, Szakacs G, Lutzoni F. 2006. Low genetic variation and no detectable popu-
lation structure in Aspergillus fumigatus compared to closely related Neosartorya 
species. Eukaryotic Cell 5: 650–657. 
Samuels GJ, Dodd SL, Gams W, Castlebury LA, Petrini O. 2002. Trichoderma species 
associated with the green mold epidemic of commercially grown Agaricus bisporus. 
Mycologia 94: 146–170. 
Sarver BAJ, WArd TJ, Gale LR, Broz K, Corby Kistler H, Aoki T, Nicholson P, Carter 
J, O’Donnell K. 2011. Novel Fusarium head blight pathogens from Nepal and 
Louisiana revealed by multilocus genealogical concordance. Fungal Genetics and 
Biology 48: 1096–1107. 
Sbissi I, Neffati M, Boudabous A, Murat C, Gtari M. 2010. Phylogenetic affiliation of 
the desert truffles Picoa juniperi and Picoa lefebvrei. Antonie Van Leeuwenhoek 98: 
429–436. 
Schoch CL, Seifert KA, Huhndorf S, Robert V, Spouge JL, Levesque CA, Chen W, 
Fungal Barcoding Consortium. 2012. Nuclear ribosomal internal transcribed spacer 
(ITS) region as a universal DNA barcode marker for Fungi. Proceedings of National 
Academy of Science, USA 109: 6241–6246. 
Schoch CL, Sung GH, Lopez-Giraldez F, et al. (64 co-authors). 2009a. The Ascomycota 
tree of life: a phylum-wide phylogeny clarifies the origin and evolution of funda-
mental reproductive and ecological traits. Systematic Biology 58: 224–239. 
Schoch CL, Wang Z, Townsend JP, Spatafora JW. 2009b. Geoglossomycetes cl. nov., 
Geoglossales ord. nov. and taxa above class rank in the Ascomycota Tree of Life. 
Persoonia 22: 129–138. 
Schubert K, Groenewald JZ, Braun U, Dijksterhuis J, Starink M, Hill CF, Zalar P, De 
Hoog GS, Crous PW. 2007. Biodiversity in the Cladosporium herbarum complex 
(Davidiellaceae, Capnodiales), with standardisation of methods for Cladosporium 
taxonomy and diagnostics. Studies in Mycology 58: 105–156. 
Schumacher T. 1979. Notes on taxonomy, ecology, and distribution of operculate 
discomycetes (Pezizales) from river banks in Norway. Norwegian Journal of Botany 
26: 53–83. 
Seaver FJ. 1928. The North American cup-fungi (Operculates). Seaver, New York. 
Seier MK, Morin L, van der Merwe M, Evans HC, Romero A. 2009. Are the micro-
cyclic rust species Puccinia melampodii and Puccinia xanthii conspecific? Myco-
logical Research 113: 1271–1282. 
37 
Skouboe P, Frisvad JC, Taylor JW, Lauritsen D, Boysen M, Rossen L. 1999. Phylo-
genetic analysis of nucleotide sequences from the ITS region of terverticillate 
Penicillium species. Mycological Research 103: 873–881. 
Smith ME, Douhn GW, Fremier AK, Rizzo DM. 2009. Are true multihost fungi the 
exception or the rule? Dominant ectomycorrhizal fungi on Pinus sabiniana differ 
from those on co-occurring Quercus species. New Phytologist 182: 295–299. 
Southworth D, Frank JL. 2011. Linking mycorrhizas to sporocarps: A new species, 
Geopora cercocarpi, on Cercocarpus ledifolius (Rosaceae). Mycologia 103: 1194–
1200. 
Spatafora JW, Sung G, Johnson D, Hesse C, O’Rourke B, Serdani M, Spotts R, Lutzoni 
F, Hofstetter V, Miadlikowska J, Reeb V, Gueidan C, Fraker E, Lumbsch T, 
Lücking R, Schmitt I, Hosaka K, Aptroot A, Roux C, Miller AN, Geiser DM, 
Hafellner J, Hestmark G, Arnold AE, Büdel B, Rauhut A, Hewitt D, Untereiner WA, 
Cole MS, Scheidegger C, Schultz M, Sipman H, Schoch CL. 2006. A five-gene 
phylogeny of Pezizomycotina. Mycologia 98: 1018–1028. 
Spooner BM & Trigaux G. 1985. A new Encoelia (Helotiales) from Prunus spinosa in 
France. Transactions of the British Mycological Society 85: 547–552. 
Starkey DE, Ward TJ, Aoki T, Gale LR, Kistler HC, Geiser DM, Suga H, Toth B, 
Varga J, O’Donnell K. 2007. Global molecular surveillance reveals novel Fusarium 
head blight species and trichothecene toxin diversity. Fungal Genetics and Biology 
44: 1191–1204. 
Stielow B, Hensel G, Strobelt D, Makonde HM, Rohde M, Kijksterhuis J, Klenk H-P, 
Göker M. 2012. Hoffmannoschypha, a novel genus of brightly coloured, cupulate 
Pyronemataceae closely related to Tricharina and Geopora. Mycological Progress, 
in press. DOI: 10.1007/s11557-012-0875-1. 
Stockinger H, Krüger M, Schüßler A. 2010. DNA barcoding of arbuscular mycorrhizal 
fungi. New Phytologist 187: 461–474. 
Stockinger H, Walker C, Schüßler A. 2009. ‘Glomus intraradices DAOM197198’, a 
model fungus in arbuscular mycorrhixa research, is not Glomus intraradices. New 
Phytologist 183: 1176–1187. 
Stoll M, Begerow D, Oberwinkler F. 2005. Molecular phylogeny of Ustilago, Spori-
sorium, and related taxa based on combined analyses of rDNA sequences. 
Mycological Research 109: 342–356. 
Stone JK & Gernardt DS. 2005. A reassessment of Hemiphacidium, Rhabdocline, and 
Sarcotrochila (Hemiphacidiaceae). Mycotaxon 91: 115–126. 
Summerbell RC, Gueidan C, Schroers H-J, de Hoog GS, Starink M, Arocha Rosete Y, 
Guarro J, Scott JA. 2011. Acremonium phylogenetic overview and revision of Glio-
mastix, Sarocladium, and Trichothecium. Studies in Mycology 68: 139–162. 
Sung G-H, Hywel-Jones NL, Sung J-M, Luangsa-ard JJ, Shrestha B, Spatafora JW. 
2007. Phylogenetic classification of Cordyceps and the clavicipitaceous fungi. 
Studies in Mycology 57: 5–59. 
Swofford DL. 2003. PAUP*. Phylogenetic analysis using parsimony (* and other 
methods), Version 4. Sinauer Associates, Sunderland, Massachusetts. 
Taşkin H, Büyükalaca S, Hansen K, O’Donnell K. 2012. Multilocus phylogenetic 
analysis of true morels (Morchella) reveals high levels of endemics in Turkey rela-
tive to other regions of Europe. Mycologia 104: 446–461. 
Taylor DL, McCormick MK. 2008. Internal transcribed spacer primers and sequences 
for improved characterization of basidiomycetous orchid mycorrhizas. New 
Phytologist 177: 1020–1033. 
10
38 
Taylor JW, Jacobson DJ, Kroken S, Kasuga T, Geiser TM, Hibbett DS, Fischer MC. 
2000. Phylogenetic species recognition and species concepts in fungi. Fungal 
Genetics and Biology 31: 21–32. doi:10.1006/fgbi.2000.1228. 
Taylor JW, Turner E, Townsend JP, Dettman JR, Jacobson D. 2006. Eukaryotic micro-
bes, species recognition and the geographic limits of species: examples from the 
kingdom Fungi. Philosophical Transactions of the Royal Society B. 361: 1947–
1963. 
Tedersoo L, Hansen K, Perry BA, Kjøller R. 2006. Molecular and morphological 
diversity of pezizalean ectomycorrhiza. New Phytologist 170: 581–596. 
Tedersoo L, Jairus T, Horton BM, Abarenkov A, Suvi T, Saar, I, Kõljalg U. 2008. 
Strong host preference of ectomycorrhizal fungi in a Tasmanian wet sclerophyll 
forest as revealed by DNA barcoding and taxon-specific primers. New Phytologist 
180: 479–490. doi: 10.1111/j.1469-8137.2008.02561.x . 
Tedersoo L, May TW, Smith ME. 2010. Ectomycorrhizal lifestyle in fungi: global 
diversity, distribution, and evolution of phylogenetic lineages. Mycorrhiza 20: 217–
263. 
Tedersoo L, Pärtel K, Jairus T, Gates G, Põldmaa K, Tamm H. 2009. Ascomycetes 
associated with ectomycorrhizas: molecular diversity and ecology with particular 
reference to the Helotiales. Environmental Microbiology 11: 3166–3178. 
Trocha LK, Rudawska M, Leski T, Dabert M. 2006. Genetic diversity of naturally 
established ectomycorrhizal fungi on Norway spruce seedlings under nursery 
conditions. Microbial Ecology 52: 418–425. 
Verkley GJM. 1995. Ultrastructure of the ascus apical apparatus in species Cenangium, 
Encoelia, Claussenomyces and Ascocoryne. Mycological Research 99: 187–199. 
Vilgalys R, Hester M. 1990. Rapid genetic identification and mapping of enzymatically 
amplified ribosomal DNA from several Cryptococcus species. Journal of 
Bacteriology 172: 4238–4246. 
Vilgalys R, Sun BL. 1994. Ancient and recent patterns of geographic speciation in the 
oyster mushroom Pleurotus revealed by phylogenetic analysis of ribosomal DNA 
sequences. Proceedings of National Academy of Science, USA 91: 4599–4603. 
Vrålstad T, Myhre E, Schumacher T. 2002. Molecular diversity and phylogenetic 
affinities of symbiotic root-associated ascomycetes of the Helotiales in burnt and 
metal polluted habitats. New Phytologist 155: 131–148. 
Walker DM, Castlebury LA, Rossman AY, White JF. 2012. New molecular markers for 
fungal phylogenetics: Two genes for species-level systematics in the Sordario-
mycetes (Ascomycota). Molecular Phylogenetics and Evolution 64: 500–512. 
doi:10.1016/j.ympev.2012.05.005. 
Wang Z, Binder M, Schoch CL, Johnston PR, Spatafora JW, Hibbett DS. 2006a. 
Evolution of helotialean fungi (Leotiomycetes, Pezizomycotina): a nuclear rDNA 
phylogeny. Molecular Phylogenetics and Evolution 41: 295–312. 
Wang Z, Johnston PR, Takamatsu S, Spatafora JW, Hibbett DS. 2006b. Toward a 
phylogenetic classification of the Leotiomycetes based on rDNA data. Mycologia 
98: 1065–1075. 
Wei J, Peršoh D, Agerer R. 2010. Four ectomycorrhizae of Pyronematacee (Pezizo-
mycetes) on Chinese pine (Pinus tabulaeformis): morpho-anatomical and molecular-
phylogenetic analyses. Mycological Progress 9: 267–280. 
White TJ, Bruns TD, Lee S, Taylor JW. 1990. Amplification and direct sequencing of 
fungal ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand H, Sninsky 
39 
JS, White TJ (eds) PCR protocols: A guide to methods and applications. Academic 
Press, San Diego, pp 315–322. 
Yao YJ, Spooner BM. 1996a. Notes on British species of Geopora. Mycological 
Research 100: 72–74 
Yao YJ, Spooner BM. 1996b. Geopora sepulta (Pezizales) in Britain, with a key to 
British species of the genus. Kew Bulletin 51: 381–383. 
Yao YJ, Spooner BM. 2003. The occurrence of Geopora arenosa in the British Isles. 
Kew Bulletin 58: 247–252. 
Yuan H-S, Wan X-Y. 2012. Morphological and ITS rDNA-based phylogenetic identi-
fication of two new species in Tinctoporellus. Mycological Progress 11: 947–952. 
Zhang N, Castlebury LA, Miller AN, Huhndorf SM, Schoch CL, Seifert KA, Rossman 
AY, Rogers JD, Kohlmeyer J, Volkmann-Kohlmeyer B, Sung G-H. 2006. An 
overview of the systematics of the Sordariomycetes based on a four-gene phylogeny. 
Mycologia 98: 1076–1087. 
Zhang BC, Yu NY. 1992. Revision of Chinese species of Geopora (Pezizales). Acta 
Mycologica Sinica 11: 8–14. (in Chinese) 
Zwickl DJ. 2006. Genetic algorithm approaches for the phylogenetic analysis of large 
biological sequence datasets under the maximum likelihood criterion. PhD thesis, 










Name:  Heidi Tamm 
Date of birth: 13 February, 1980 
Citizenship: Estonian 
Address: Institute of Ecology and Earth Sciences, University of 
Tartu 
 14a Ravila St, 50411 Tartu, Estonia 
E-mail: heidi.tamm@gmail.com 
Current position: University of Tartu, Institute of Ecology and Earth 
Sciences, laboratory technician 
Language skills: Estonian (mother tongue), English, German 
 
Education: 
2006–2013 PhD studies in botany and mycology, University of Tartu 
2004–2006 MSc in botany and mycology, Estonian University of Life 
Sciences 
2000–2004 BSc in gene technology, University of Tartu 
1998–2000 Studies in string instruments (violin), Heino Eller’s Tartu 
Music School 
1987–1998 Orissaare Gymnasium 
 
Publications: 
Tamm H. 2006. New Estonian records: Pezizales (Ascomycetes). 
Folia Cryptogamica Estonica 42: 103. 
Kullman B, Tamm H. 2007. New Estonian records: Pezizales. Folia Crypto-
gamica Estonica 43: 72–73. 
Gregory TR, Nicol JA, Tamm H, Kullman B, Kullman K, Leitch IJ, Murray 
BG, Kapraun, DF, Greilhuber J, Bennett, MD. 2007. Eukaryotic genome size 
databases. Nucleic Acids Research, Database issue, D332–D338. 
Tedersoo L, Pärtel K, Jairus T, Gates G, Põldmaa K, Tamm H. 2009. 
Ascomycetes associated with ectomycorrhizas: molecular diversity and 
ecology with particular reference to the Helotiales. Environmental Micro-
biology 11: 3166–3178. 
Tamm H, Põldmaa K, Kullman B. 2010. Phylogenetic relationships in genus 
Geopora (Pyronemataceae, Pezizales). Mycological Progress 9: 509–522. 
Guevara-Guerrero G, Stielow B, Tamm H, Cázares-Gonzalez E, Göker M. 
2012. Genea mexicana, sp. nov., and Geopora tolucana, sp. nov., new hypo-
geous Pyronemataceae from Mexico, and the taxonomy of Geopora 
reevaluated. Mycological Progress 11: 711–724. 
Veldre V, Abarenkov K, Bahram M, Martos F, Selosse M-A, Tamm H, Kõl-
jalg U, Tedersoo L. 2013. Evolution of nutritional modes of Ceratobasi-
121
diaceae (Cantharellales, Basidiomycota) as revealed from publicly available 




Tamm H, Põldmaa K. 2013. Diversity, host associations and phylogeography 
of temperate aurofusarinproducing Hypomyces/Cladobotryum including 
causal agents of cobweb disease of cultivated mushrooms. Fungal Biology, 
in press. doi: 10.1016/j.funbio.2013.03.005 
 
Conference presentations: 
Tamm H, Kullman B, Kullman K. 21-25 Sept 2005. Fungal Genome Size 
Database. Poster. In: Programme and Book of Abstracts of XVI Symposium 
of Mycologists and Lychenologists of Baltic States, Cesis, Latvia: 44 
(abstract). 
Tamm H, Kullman B. 16-21 Sept 2007. Phylogenetic relationships in genus 
Geopora (Pyronemataceae). Poster. In: XV Congress of European 
Mycologists, Saint Peterburg, Russia: 61 (abstract). 
Tamm H, Kullman B. 16-21 Sept 2007. Phylogenetic analysis of the groups of 
Peziza varia and Peziza violacea (Pezizaceae). Poster. In: XV Congress of 
European Mycologists, Saint Peterburg, Russia: 62 (abstract). 
Tamm H, Põldmaa K. 1-6 Aug 2010. Phylogenetic relationships and 
geographic distribution of aurofusarin-producing Hypomyces. Poster. In: 9th 
International Mycological Congress IMC9: The Biology of Fungi, 
Edinburgh, UK (abstract). 
 
Awards and scholarships: 
Travelling grants from the Doctoral School of Ecology and Earth Sciences 
2007, 2008, 2010. 
122 
ELULOOKIRJELDUS 
Nimi:  Heidi Tamm 
Sünniaeg: 13. veebruar 1980 
Kodakondsus: Eesti 
Aadress: Ökoloogia ja Maateaduste instituut, Tartu Ülikool 
 Ravila 14a, 50411 Tartu, Eesti 
E-mail: heidi.tamm@gmail.com 
Praegune töökoht: Tartu Ülikool, Ökoloogia ja Maateaduste instituut, laborant 
Keelteoskus: eesti (emakeel), inglise, saksa 
 
Haridus: 
2006–2013 PhD õpingud botaanika ja mükoloogia erialal, Tartu Ülikool 
2004–2006 MSc botaanika ja mükoloogia erialal, Eesti Maaülikool 
2000–2004 BSc geenitehnoloogia erialal, Tartu Ülikool 
1998–2000 Keelpilli eriala (viiul), H. Elleri nim. Tartu Muusikakool 
1987–1998 Orissaare Gümnaasium 
 
Teadusartiklid: 
Kullman B, Tamm H. 2006. New Estonian records: Pezizales (Ascomycetes). 
Folia Cryptogamica Estonica 42: 103. 
Kullman B, Tamm H. 2007. New Estonian records: Pezizales. Folia Crypto-
gamica Estonica 43: 72–73. 
Gregory TR, Nicol JA, Tamm H, Kullman B, Kullman K, Leitch IJ, Murray 
BG, Kapraun, DF, Greilhuber J, Bennett, MD. 2007. Eukaryotic genome size 
databases. Nucleic Acids Research, Database issue, D332–D338. 
Tedersoo L, Pärtel K, Jairus T, Gates G, Põldmaa K, Tamm H. 2009. 
Ascomycetes associated with ectomycorrhizas: molecular diversity and 
ecology with particular reference to the Helotiales. Environmental Micro-
biology 11: 3166–3178. 
Tamm H, Põldmaa K, Kullman B. 2010. Phylogenetic relationships in genus 
Geopora (Pyronemataceae, Pezizales). Mycological Progress 9: 509–522. 
Guevara-Guerrero G, Stielow B, Tamm H, Cázares-Gonzalez E, Göker M. 
2012. Genea mexicana, sp. nov., and Geopora tolucana, sp. nov., new hypo-
geous Pyronemataceae from Mexico, and the taxonomy of Geopora 
reevaluated. Mycological Progress 11: 711–724. 
Veldre V, Abarenkov K, Bahram M, Martos F, Selosse M-A, Tamm H, Kõljalg 
U, Tedersoo L. 2013. Evolution of nutritional modes of Ceratobasidiaceae 
(Cantharellales, Basidiomycota) as revealed from publicly available ITS 
sequences. Fungal Ecology, in press. doi: 10.1016/j.funeco.2013.03.004 
Tamm H, Põldmaa K. 2013. Diversity, host associations and phylogeography 
of temperate aurofusarinproducing Hypomyces/Cladobotryum including 
123 
causal agents of cobweb disease of cultivated mushrooms. Fungal Biology, 
in press. doi: 10.1016/j.funbio.2013.03.005 
 
Konverentsiettekanded: 
Tamm H, Kullman B, Kullman K. 21-25 Sept 2005. Fungal Genome Size 
Database. Poster. In: Programme and Book of Abstracts of XVI Symposium 
of Mycologists and Lichenologists of Baltic States, Cesis, Latvia: 44 
(abstract). 
Tamm H, Kullman B. 16-21 Sept 2007. Phylogenetic relationships in genus 
Geopora (Pyronemataceae). Poster. In: XV Congress of European 
Mycologists, Saint Peterburg, Russia: 61 (abstract). 
Tamm H, Kullman B. 16-21 Sept 2007. Phylogenetic analysis of the groups of 
Peziza varia and Peziza violacea (Pezizaceae). Poster. In: XV Congress of 
European Mycologists, Saint Peterburg, Russia: 62 (abstract). 
Tamm H, Põldmaa K. 1-6 Aug 2010. Phylogenetic relationships and 
geographic distribution of aurofusarin-producing Hypomyces. Poster. In: 9th 
International Mycological Congress IMC9: The Biology of Fungi, 
Edinburgh, UK (abstract). 
 
Saadud uurimistoetused ja stipendiumid: 






  1. Toivo Maimets. Studies of human oncoprotein p53. Tartu, 1991, 96 p. 
  2. Enn K. Seppet. Thyroid state control over energy metabolism, ion transport 
and contractile functions in rat heart. Tartu, 1991, 135 p.  
  3. Kristjan Zobel. Epifüütsete makrosamblike väärtus õhu saastuse indikaa-
toritena Hamar-Dobani boreaalsetes mägimetsades. Tartu, 1992, 131 lk. 
  4. Andres Mäe. Conjugal mobilization of catabolic plasmids by transposable 
elements in helper plasmids. Tartu, 1992, 91 p. 
  5. Maia Kivisaar. Studies on phenol degradation genes of Pseudomonas sp. 
strain EST 1001. Tartu, 1992, 61 p. 
  6. Allan Nurk. Nucleotide sequences of phenol degradative genes from 
Pseudomonas sp. strain EST 1001 and their transcriptional activation in 
Pseudomonas putida. Tartu, 1992, 72 p. 
  7. Ülo Tamm. The genus Populus L. in Estonia: variation of the species bio-
logy and introduction. Tartu, 1993, 91 p. 
  8. Jaanus Remme. Studies on the peptidyltransferase centre of the E.coli ribo-
some. Tartu, 1993, 68 p. 
  9. Ülo Langel. Galanin and galanin antagonists. Tartu, 1993, 97 p. 
10. Arvo Käärd. The development of an automatic online dynamic fluo-
rescense-based pH-dependent fiber optic penicillin flowthrought biosensor 
for the control of the benzylpenicillin hydrolysis. Tartu, 1993, 117 p. 
11. Lilian Järvekülg. Antigenic analysis and development of sensitive immu-
noassay for potato viruses. Tartu, 1993, 147 p. 
12. Jaak Palumets. Analysis of phytomass partition in Norway spruce. Tartu, 
1993, 47 p. 
13. Arne Sellin. Variation in hydraulic architecture of Picea abies (L.) Karst. 
trees grown under different enviromental conditions. Tartu, 1994, 119 p.  
13. Mati Reeben. Regulation of light neurofilament gene expression. Tartu, 
1994, 108 p. 
14. Urmas Tartes. Respiration rhytms in insects. Tartu, 1995, 109 p. 
15. Ülo Puurand. The complete nucleotide sequence and infections in vitro 
transcripts from cloned cDNA of a potato A potyvirus. Tartu, 1995, 96 p. 
16. Peeter Hõrak. Pathways of selection in avian reproduction: a functional 
framework and its application in the population study of the great tit (Parus 
major). Tartu, 1995, 118 p. 
17. Erkki Truve. Studies on specific and broad spectrum virus resistance in 
transgenic plants. Tartu, 1996, 158 p. 
18. Illar Pata. Cloning and characterization of human and mouse ribosomal 
protein S6-encoding genes. Tartu, 1996, 60 p. 
19. Ülo Niinemets. Importance of structural features of leaves and canopy in 
determining species shade-tolerance in temperature deciduous woody taxa. 
Tartu, 1996, 150 p. 
32
126 
20. Ants Kurg. Bovine leukemia virus: molecular studies on the packaging 
region and DNA diagnostics in cattle. Tartu, 1996, 104 p. 
21. Ene Ustav. E2 as the modulator of the BPV1 DNA replication. Tartu, 1996, 
100 p. 
22. Aksel Soosaar. Role of helix-loop-helix and nuclear hormone receptor tran-
scription factors in neurogenesis. Tartu, 1996, 109 p. 
23. Maido Remm. Human papillomavirus type 18: replication, transformation 
and gene expression. Tartu, 1997, 117 p. 
24. Tiiu Kull. Population dynamics in Cypripedium calceolus L. Tartu, 1997,  
124 p. 
25. Kalle Olli. Evolutionary life-strategies of autotrophic planktonic micro-
organisms in the Baltic Sea. Tartu, 1997, 180 p. 
26. Meelis Pärtel. Species diversity and community dynamics in calcareous 
grassland communities in Western Estonia. Tartu, 1997, 124 p. 
27. Malle Leht. The Genus Potentilla L. in Estonia, Latvia and Lithuania: dis-
tribution, morphology and taxonomy. Tartu, 1997, 186 p. 
28. Tanel Tenson. Ribosomes, peptides and antibiotic resistance. Tartu, 1997,  
80 p. 
29. Arvo Tuvikene. Assessment of inland water pollution using biomarker 
responses in fish in vivo and in vitro. Tartu, 1997, 160 p. 
30. Urmas Saarma. Tuning ribosomal elongation cycle by mutagenesis of  
23S rRNA. Tartu, 1997, 134 p. 
31. Henn Ojaveer. Composition and dynamics of fish stocks in the gulf of Riga 
ecosystem. Tartu, 1997, 138 p. 
32. Lembi Lõugas. Post-glacial development of vertebrate fauna in Estonian 
water bodies. Tartu, 1997, 138 p. 
33. Margus Pooga. Cell penetrating peptide, transportan, and its predecessors, 
galanin-based chimeric peptides. Tartu, 1998, 110 p. 
34. Andres Saag. Evolutionary relationships in some cetrarioid genera (Liche-
nized Ascomycota). Tartu, 1998, 196 p. 
35. Aivar Liiv. Ribosomal large subunit assembly in vivo. Tartu, 1998, 158 p. 
36. Tatjana Oja. Isoenzyme diversity and phylogenetic affinities among the 
eurasian annual bromes (Bromus L., Poaceae). Tartu, 1998, 92 p. 
37. Mari Moora. The influence of arbuscular mycorrhizal (AM) symbiosis on 
the competition and coexistence of calcareous grassland plant species. 
Tartu, 1998, 78 p. 
38. Olavi Kurina. Fungus gnats in Estonia (Diptera: Bolitophilidae, Keroplati-
dae, Macroceridae, Ditomyiidae, Diadocidiidae, Mycetophilidae). Tartu, 
1998, 200 p.  
39. Andrus Tasa. Biological leaching of shales: black shale and oil shale. 
Tartu, 1998, 98 p. 
40. Arnold Kristjuhan. Studies on transcriptional activator properties of tumor 
suppressor protein p53. Tartu, 1998, 86 p. 
127 
41. Sulev Ingerpuu. Characterization of some human myeloid cell surface and 
nuclear differentiation antigens. Tartu, 1998, 163 p. 
42. Veljo Kisand. Responses of planktonic bacteria to the abiotic and biotic 
factors in the shallow lake Võrtsjärv. Tartu, 1998, 118 p. 
43. Kadri Põldmaa. Studies in the systematics of hypomyces and allied genera 
(Hypocreales, Ascomycota). Tartu, 1998, 178 p. 
44. Markus Vetemaa. Reproduction parameters of fish as indicators in 
environmental monitoring. Tartu, 1998, 117 p. 
45. Heli Talvik. Prepatent periods and species composition of different 
Oesophagostomum spp. populations in Estonia and Denmark. Tartu, 1998, 
104 p. 
46. Katrin Heinsoo. Cuticular and stomatal antechamber conductance to water 
vapour diffusion in Picea abies (L.) karst. Tartu, 1999, 133 p. 
47. Tarmo Annilo. Studies on mammalian ribosomal protein S7. Tartu, 1998, 
77 p. 
48. Indrek Ots. Health state indicies of reproducing great tits (Parus major): 
sources of variation and connections with life-history traits. Tartu, 1999, 
117 p. 
49. Juan Jose Cantero. Plant community diversity and habitat relationships in 
central Argentina grasslands. Tartu, 1999, 161 p. 
50. Rein Kalamees. Seed bank, seed rain and community regeneration in 
Estonian calcareous grasslands. Tartu, 1999, 107 p. 
51. Sulev Kõks. Cholecystokinin (CCK) — induced anxiety in rats: influence 
of environmental stimuli and involvement of endopioid mechanisms and 
erotonin. Tartu, 1999, 123 p. 
52. Ebe Sild. Impact of increasing concentrations of O3 and CO2 on wheat, 
clover and pasture. Tartu, 1999, 123 p. 
53. Ljudmilla Timofejeva. Electron microscopical analysis of the synaptone-
mal complex formation in cereals. Tartu, 1999, 99 p. 
54. Andres Valkna. Interactions of galanin receptor with ligands and  
G-proteins: studies with synthetic peptides. Tartu, 1999, 103 p. 
55. Taavi Virro. Life cycles of planktonic rotifers in lake Peipsi. Tartu, 1999, 
101 p. 
56. Ana Rebane. Mammalian ribosomal protein S3a genes and intron-encoded 
small nucleolar RNAs U73 and U82. Tartu, 1999, 85 p. 
57. Tiina Tamm. Cocksfoot mottle virus: the genome organisation and transla-
tional strategies. Tartu, 2000,  101 p. 
58. Reet Kurg. Structure-function relationship of the bovine papilloma virus E2 
protein. Tartu, 2000, 89 p. 
59. Toomas Kivisild. The origins of Southern and Western Eurasian popula-
tions: an mtDNA study. Tartu, 2000, 121 p. 
60. Niilo Kaldalu. Studies of the TOL plasmid transcription factor XylS. Tartu 
2000. 88 p. 
128 
61. Dina Lepik. Modulation of viral DNA replication by tumor suppressor 
protein p53. Tartu 2000. 106 p. 
62. Kai Vellak. Influence of different factors on the diversity of the bryophyte 
vegetation in forest and wooded meadow communities. Tartu 2000. 122 p. 
63. Jonne Kotta. Impact of eutrophication and biological invasionas on the 
structure and functions of benthic macrofauna. Tartu 2000. 160 p. 
64. Georg Martin. Phytobenthic communities of the Gulf of Riga and the inner 
sea the West-Estonian archipelago. Tartu, 2000. 139 p. 
65.  Silvia Sepp. Morphological and genetical variation of Alchemilla L. in 
Estonia. Tartu, 2000. 124 p. 
66. Jaan Liira. On the determinants of structure and diversity in herbaceous 
plant communities. Tartu, 2000. 96 p. 
67. Priit Zingel. The role of planktonic ciliates in lake ecosystems. Tartu 2001. 
111 p. 
68. Tiit Teder. Direct and indirect effects in Host-parasitoid interactions: 
ecological and evolutionary consequences. Tartu 2001. 122 p. 
69. Hannes Kollist. Leaf apoplastic ascorbate as ozone scavenger and its 
transport across the plasma membrane. Tartu 2001. 80 p. 
70. Reet Marits. Role of two-component regulator system PehR-PehS and 
extracellular protease PrtW in virulence of Erwinia Carotovora subsp. 
Carotovora. Tartu 2001. 112 p. 
71. Vallo Tilgar. Effect of calcium supplementation on reproductive perfor-
mance of the pied flycatcher Ficedula hypoleuca and the great tit Parus 
major, breeding in Nothern temperate forests. Tartu, 2002. 126 p. 
72. Rita Hõrak. Regulation of transposition of transposon Tn4652 in 
Pseudomonas putida. Tartu, 2002. 108 p. 
73. Liina Eek-Piirsoo. The effect of fertilization, mowing and additional 
illumination on the structure of a species-rich grassland community. Tartu, 
2002. 74 p. 
74. Krõõt Aasamaa. Shoot hydraulic conductance and stomatal conductance of 
six temperate deciduous tree species. Tartu, 2002. 110 p. 
75. Nele Ingerpuu. Bryophyte diversity and vascular plants. Tartu, 2002. 
112 p. 
76. Neeme Tõnisson. Mutation detection by primer extension on oligo-
nucleotide microarrays. Tartu, 2002. 124 p. 
77. Margus Pensa. Variation in needle retention of Scots pine in relation to 
leaf morphology, nitrogen conservation and tree age. Tartu, 2003. 110 p. 
78. Asko Lõhmus. Habitat preferences and quality for birds of prey: from 
principles to applications. Tartu, 2003. 168 p. 
79. Viljar Jaks. p53 — a switch in cellular circuit. Tartu, 2003. 160 p. 
80. Jaana Männik. Characterization and genetic studies of four ATP-binding 
cassette (ABC) transporters. Tartu, 2003. 140 p. 
81. Marek Sammul. Competition and coexistence of clonal plants in relation to 
productivity. Tartu, 2003. 159 p 
129
82. Ivar Ilves. Virus-cell interactions in the replication cycle of bovine 
papillomavirus type 1. Tartu, 2003. 89 p.  
83. Andres Männik. Design and characterization of a novel vector system 
based on the stable replicator of bovine papillomavirus type 1. Tartu, 2003. 
109 p. 
84. Ivika Ostonen. Fine root structure, dynamics and proportion in net 
primary production of Norway spruce forest ecosystem in relation to site 
conditions. Tartu, 2003. 158 p. 
85. Gudrun Veldre. Somatic status of 12–15-year-old Tartu schoolchildren. 
Tartu, 2003. 199 p. 
86.  Ülo Väli. The greater spotted eagle Aquila clanga and the lesser spotted 
eagle A. pomarina: taxonomy, phylogeography and ecology. Tartu, 2004. 
159 p.  
87. Aare Abroi. The determinants for the native activities of the bovine 
papillomavirus type 1 E2 protein are separable. Tartu, 2004. 135 p. 
88. Tiina Kahre. Cystic fibrosis in Estonia. Tartu, 2004. 116 p. 
89. Helen Orav-Kotta. Habitat choice and feeding activity of benthic suspension 
feeders and mesograzers in the northern Baltic Sea. Tartu, 2004. 117 p. 
90. Maarja Öpik. Diversity of arbuscular mycorrhizal fungi in the roots of 
perennial plants and their effect on plant performance. Tartu, 2004. 175 p.  
91. Kadri Tali. Species structure of Neotinea ustulata. Tartu, 2004. 109 p. 
92. Kristiina Tambets. Towards the understanding of post-glacial spread of 
human mitochondrial DNA haplogroups in Europe and beyond: a phylo-
geographic approach. Tartu, 2004. 163 p. 
93. Arvi Jõers. Regulation of p53-dependent transcription. Tartu, 2004. 103 p. 
94. Lilian Kadaja. Studies on modulation of the activity of tumor suppressor 
protein p53. Tartu, 2004. 103 p. 
95. Jaak Truu. Oil shale industry wastewater: impact on river microbial  
community and possibilities for bioremediation. Tartu, 2004. 128 p. 
96. Maire Peters. Natural horizontal transfer of the pheBA operon. Tartu, 
2004. 105 p. 
97. Ülo Maiväli. Studies on the structure-function relationship of the bacterial 
ribosome. Tartu, 2004. 130 p.  
98. Merit Otsus. Plant community regeneration and species diversity in dry 
calcareous grasslands. Tartu, 2004. 103 p. 
99. Mikk Heidemaa. Systematic  studies  on  sawflies of  the  genera Dolerus,  
Empria,  and  Caliroa (Hymenoptera:  Tenthredinidae). Tartu, 2004. 167 p. 
100. Ilmar Tõnno. The impact of nitrogen and phosphorus concentration and 
N/P ratio on cyanobacterial dominance and N2 fixation in some Estonian 
lakes. Tartu, 2004. 111 p. 
101. Lauri Saks. Immune function, parasites, and carotenoid-based ornaments 
in greenfinches. Tartu, 2004. 144 p.  
102. Siiri Rootsi. Human Y-chromosomal variation in European populations. 
Tartu, 2004. 142 p. 
33
130 
103. Eve Vedler. Structure of the 2,4-dichloro-phenoxyacetic acid-degradative 
plasmid pEST4011. Tartu, 2005. 106 p.  
104.  Andres Tover. Regulation of transcription of the phenol degradation 
pheBA operon in Pseudomonas putida. Tartu, 2005. 126 p. 
105.  Helen Udras. Hexose  kinases  and  glucose transport  in  the  yeast Han-
senula  polymorpha. Tartu, 2005. 100 p. 
106. Ave Suija. Lichens and lichenicolous fungi in Estonia: diversity, distri-
bution patterns, taxonomy. Tartu, 2005. 162 p. 
107. Piret Lõhmus. Forest lichens and their substrata in Estonia. Tartu, 2005. 
162 p.  
108. Inga Lips. Abiotic factors controlling the cyanobacterial bloom occur-
rence in the Gulf of Finland. Tartu, 2005. 156 p. 
109.  Kaasik, Krista. Circadian clock genes in mammalian clockwork, meta-
bolism and behaviour. Tartu, 2005. 121 p. 
110.  Juhan Javoiš. The effects of experience on host acceptance in ovipositing 
moths. Tartu, 2005. 112 p.  
111.  Tiina Sedman. Characterization  of  the  yeast Saccharomyces  cerevisiae 
mitochondrial  DNA  helicase  Hmi1. Tartu, 2005. 103 p.  
112.  Ruth Aguraiuja. Hawaiian endemic fern lineage Diellia (Aspleniaceae): 
distribution, population structure and ecology. Tartu, 2005. 112 p.  
113.  Riho Teras. Regulation of transcription from the fusion promoters ge-
nerated by transposition of Tn4652 into the upstream region of pheBA 
operon in Pseudomonas putida. Tartu, 2005. 106 p.  
114.  Mait Metspalu. Through the course of prehistory in india: tracing the 
mtDNA trail. Tartu, 2005. 138 p.  
115. Elin Lõhmussaar. The comparative patterns of linkage disequilibrium in 
European populations and its implication for genetic association studies. 
Tartu, 2006. 124 p. 
116. Priit Kupper. Hydraulic and environmental limitations to leaf water rela-
tions in trees with respect to canopy position. Tartu, 2006. 126 p. 
117. Heili Ilves. Stress-induced transposition of Tn4652 in Pseudomonas 
Putida. Tartu, 2006. 120 p. 
118. Silja Kuusk. Biochemical properties of Hmi1p, a DNA helicase from 
Saccharomyces cerevisiae mitochondria. Tartu, 2006. 126 p. 
119. Kersti Püssa. Forest edges on medium resolution landsat thematic mapper 
satellite images. Tartu, 2006. 90 p. 
120. Lea Tummeleht. Physiological condition and immune function in great 
tits (Parus major l.): Sources of variation and trade-offs in relation to 
growth. Tartu, 2006. 94 p. 
121. Toomas Esperk. Larval instar as a key element of insect growth schedules. 
Tartu, 2006. 186 p.  
122. Harri Valdmann. Lynx (Lynx lynx) and wolf (Canis lupus)  in the Baltic 
region:  Diets,  helminth parasites and genetic variation. Tartu, 2006. 102 p. 
131
123. Priit Jõers. Studies of the mitochondrial helicase Hmi1p in Candida 
albicans and Saccharomyces cerevisia. Tartu, 2006. 113 p. 
124. Kersti Lilleväli. Gata3 and Gata2 in inner ear development. Tartu, 2007. 
123 p.  
125. Kai Rünk. Comparative ecology of three fern species: Dryopteris carthu-
siana (Vill.) H.P. Fuchs, D. expansa (C. Presl) Fraser-Jenkins & Jermy and 
D. dilatata (Hoffm.) A. Gray (Dryopteridaceae). Tartu, 2007. 143 p.  
126. Aveliina Helm. Formation and persistence of dry grassland diversity: role 
of human history and landscape structure. Tartu, 2007. 89 p.  
127. Leho Tedersoo. Ectomycorrhizal fungi: diversity and community structure 
in Estonia, Seychelles and Australia. Tartu, 2007. 233 p.  
128. Marko Mägi. The habitat-related variation of reproductive performance of 
great tits in a deciduous-coniferous forest mosaic: looking for causes and 
consequences. Tartu, 2007. 135 p.  
129. Valeria Lulla. Replication strategies and applications of Semliki Forest 
virus. Tartu, 2007. 109 p.  
130. Ülle Reier. Estonian threatened vascular plant species: causes of rarity and 
conservation. Tartu, 2007. 79 p. 
131. Inga Jüriado. Diversity of lichen species in Estonia: influence of regional 
and local factors. Tartu, 2007. 171 p. 
132. Tatjana Krama. Mobbing behaviour in birds: costs and reciprocity based 
cooperation. Tartu, 2007. 112 p. 
133. Signe Saumaa. The role of DNA mismatch repair and oxidative DNA 
damage defense systems in avoidance of stationary phase mutations in 
Pseudomonas putida. Tartu, 2007. 172 p. 
134. Reedik Mägi. The linkage disequilibrium and the selection of genetic 
markers for association studies in european populations. Tartu, 2007. 96 p.  
135. Priit Kilgas. Blood parameters as indicators of physiological condition and 
skeletal development in great tits (Parus major): natural variation and 
application in the reproductive ecology of birds. Tartu, 2007. 129 p.  
136. Anu Albert. The role of water salinity in structuring eastern Baltic coastal 
fish communities. Tartu, 2007. 95 p.  
137. Kärt Padari. Protein transduction mechanisms of transportans. Tartu, 2008. 
128 p. 
138. Siiri-Lii Sandre. Selective forces on larval colouration in a moth. Tartu, 
2008. 125 p. 
139. Ülle Jõgar. Conservation and restoration of semi-natural floodplain mea-
dows and their rare plant species. Tartu, 2008. 99 p. 
140. Lauri Laanisto. Macroecological approach in vegetation science: gene-
rality of ecological relationships at the global scale. Tartu, 2008. 133 p. 
141. Reidar Andreson. Methods and software for predicting PCR failure rate in 
large genomes. Tartu, 2008. 105 p.  
142. Birgot Paavel. Bio-optical properties of turbid lakes. Tartu, 2008. 175 p. 
132 
143. Kaire Torn. Distribution and ecology of charophytes in the Baltic Sea. 
Tartu, 2008, 98 p.  
144. Vladimir Vimberg. Peptide mediated macrolide resistance. Tartu, 2008, 
190 p. 
145. Daima Örd. Studies on the stress-inducible pseudokinase TRB3, a novel 
inhibitor of transcription factor ATF4. Tartu, 2008, 108 p. 
146. Lauri Saag. Taxonomic and ecologic problems in the genus Lepraria 
(Stereocaulaceae, lichenised Ascomycota). Tartu, 2008, 175 p. 
147. Ulvi Karu. Antioxidant protection, carotenoids and coccidians in green-
finches – assessment of the costs of immune activation and mechanisms of 
parasite resistance in a passerine with carotenoid-based ornaments. Tartu, 
2008, 124 p. 
148. Jaanus Remm. Tree-cavities in forests: density, characteristics and occu-
pancy by animals. Tartu, 2008, 128 p. 
149. Epp Moks. Tapeworm parasites Echinococcus multilocularis and E. gra-
nulosus in Estonia: phylogenetic relationships and occurrence in wild 
carnivores and ungulates. Tartu, 2008, 82 p. 
150. Eve Eensalu. Acclimation of stomatal structure and function in tree ca-
nopy: effect of light and CO2 concentration. Tartu, 2008, 108 p. 
151. Janne Pullat. Design, functionlization and application of an in situ 
synthesized oligonucleotide microarray. Tartu, 2008, 108 p. 
152. Marta Putrinš. Responses of Pseudomonas putida to phenol-induced 
metabolic and stress signals. Tartu, 2008, 142 p.  
153.  Marina Semtšenko. Plant root behaviour: responses to neighbours and 
physical obstructions. Tartu, 2008, 106 p. 
154. Marge Starast. Influence of cultivation techniques on productivity and 
fruit quality of some Vaccinium and Rubus taxa. Tartu, 2008, 154 p.  
155. Age Tats. Sequence motifs influencing the efficiency of translation. Tartu, 
2009, 104 p. 
156. Radi Tegova. The role of specialized DNA polymerases in mutagenesis in 
Pseudomonas putida. Tartu, 2009, 124 p. 
157. Tsipe Aavik. Plant species richness, composition and functional trait 
pattern in agricultural landscapes – the role of land use intensity and land-
scape structure. Tartu, 2009, 112 p. 
158. Kaja Kiiver. Semliki forest virus based vectors and cell lines for studying 
the replication and interactions of alphaviruses and hepaciviruses. Tartu, 
2009, 104 p. 
159. Meelis Kadaja. Papillomavirus Replication Machinery Induces Genomic 
Instability in its Host Cell. Tartu, 2009, 126 p. 
160. Pille Hallast. Human and chimpanzee Luteinizing hormone/Chorionic 
Gonadotropin beta (LHB/CGB) gene clusters: diversity and divergence of 
young duplicated genes. Tartu, 2009, 168 p. 
161. Ain Vellak. Spatial and temporal aspects of plant species conservation. 
Tartu, 2009, 86 p. 
133 
162. Triinu Remmel. Body size evolution in insects with different colouration 
strategies: the role of predation risk. Tartu, 2009, 168 p. 
163. Jaana Salujõe. Zooplankton as the indicator of ecological quality and fish 
predation in lake ecosystems. Tartu, 2009, 129 p. 
164. Ele Vahtmäe. Mapping benthic habitat with remote sensing in optically 
complex coastal environments. Tartu, 2009, 109 p.  
165. Liisa Metsamaa. Model-based assessment to improve the use of remote 
sensing in recognition and quantitative mapping of cyanobacteria. Tartu, 
2009, 114 p. 
166. Pille Säälik. The role of endocytosis in the protein transduction by cell-
penetrating peptides. Tartu, 2009, 155 p. 
167. Lauri Peil. Ribosome assembly factors in Escherichia coli. Tartu, 2009,  
147 p. 
168. Lea Hallik. Generality and specificity in light harvesting, carbon gain 
capacity and shade tolerance among plant functional groups. Tartu, 2009, 
99 p. 
169. Mariliis Tark. Mutagenic potential of DNA damage repair and tolerance 
mechanisms under starvation stress. Tartu, 2009, 191 p. 
170. Riinu Rannap. Impacts of habitat loss and restoration on amphibian po-
pulations. Tartu, 2009, 117 p. 
171. Maarja Adojaan. Molecular variation of HIV-1 and the use of this know-
ledge in vaccine development. Tartu, 2009, 95 p. 
172. Signe Altmäe. Genomics and transcriptomics of human induced ovarian 
folliculogenesis. Tartu, 2010, 179 p. 
173. Triin Suvi. Mycorrhizal fungi of native and introduced trees in the 
Seychelles Islands. Tartu, 2010, 107 p. 
174. Velda Lauringson. Role of suspension feeding in a brackish-water coastal 
sea. Tartu, 2010, 123 p. 
175. Eero Talts. Photosynthetic cyclic electron transport – measurement and 
variably proton-coupled mechanism. Tartu, 2010, 121 p.  
176. Mari Nelis. Genetic structure of the Estonian population and genetic 
distance from other populations of European descent. Tartu, 2010, 97 p. 
177. Kaarel Krjutškov. Arrayed Primer Extension-2 as a multiplex PCR-based 
method for nucleic acid variation analysis: method and applications. Tartu, 
2010, 129 p. 
178. Egle Köster. Morphological and genetical variation within species complexes: 
Anthyllis vulneraria s. l. and Alchemilla vulgaris (coll.). Tartu, 2010, 101 p. 
179. Erki Õunap. Systematic studies on the subfamily Sterrhinae (Lepidoptera: 
Geometridae). Tartu, 2010, 111 p.  
180. Merike Jõesaar. Diversity of key catabolic genes at degradation of phenol 
and p-cresol in pseudomonads. Tartu, 2010, 125 p. 
181. Kristjan Herkül. Effects of physical disturbance and habitat-modifying 
species on sediment properties and benthic communities in the northern 
Baltic Sea. Tartu, 2010, 123 p. 
34
134 
182. Arto Pulk. Studies on bacterial ribosomes by chemical modification 
approaches. Tartu, 2010, 161 p. 
183. Maria Põllupüü. Ecological relations of cladocerans in a brackish-water 
ecosystem. Tartu, 2010, 126 p.  
184. Toomas Silla. Study of the segregation mechanism of the Bovine 
Papillomavirus Type 1. Tartu, 2010, 188 p. 
185. Gyaneshwer Chaubey. The demographic history of India: A perspective 
based on genetic evidence. Tartu, 2010, 184 p. 
186. Katrin Kepp. Genes involved in cardiovascular traits: detection of genetic 
variation in Estonian and Czech populations. Tartu, 2010, 164 p. 
187. Virve Sõber. The role of biotic interactions in plant reproductive 
performance. Tartu, 2010, 92 p. 
188. Kersti Kangro. The response of phytoplankton community to the changes 
in nutrient loading. Tartu, 2010, 144 p. 
189. Joachim M. Gerhold. Replication and Recombination of mitochondrial 
DNA in Yeast. Tartu, 2010, 120 p. 
190. Helen Tammert. Ecological role of physiological and phylogenetic 
diversity in aquatic bacterial communities. Tartu, 2010, 140 p. 
191. Elle Rajandu. Factors determining plant and lichen species diversity and 
composition in Estonian Calamagrostis and Hepatica site type forests. 
Tartu, 2010, 123 p. 
192. Paula Ann Kivistik. ColR-ColS signalling system and transposition of 
Tn4652 in the adaptation of Pseudomonas putida. Tartu, 2010, 118 p. 
193. Siim Sõber. Blood pressure genetics: from candidate genes to genome-
wide association studies. Tartu, 2011, 120 p. 
194. Kalle Kipper. Studies on the role of helix 69 of 23S rRNA in the factor-
dependent stages of translation initiation, elongation, and termination. 
Tartu, 2011, 178 p. 
195. Triinu Siibak. Effect of antibiotics on ribosome assembly is indirect. 
Tartu, 2011, 134 p. 
196. Tambet Tõnissoo. Identification and molecular analysis of the role of 
guanine nucleotide exchange factor RIC-8 in mouse development and 
neural function. Tartu, 2011, 110 p. 
197. Helin Räägel. Multiple faces of cell-penetrating peptides – their intra-
cellular trafficking, stability and endosomal escape during protein trans-
duction. Tartu, 2011, 161 p.  
198. Andres Jaanus. Phytoplankton in Estonian coastal waters – variability, 
trends and response to environmental pressures. Tartu, 2011, 157 p. 
199. Tiit Nikopensius. Genetic predisposition to nonsyndromic orofacial clefts. 
Tartu, 2011, 152 p. 
200. Signe Värv. Studies on the mechanisms of RNA polymerase II-dependent 
transcription elongation. Tartu, 2011, 108 p. 
201. Kristjan Välk. Gene expression profiling and genome-wide association 
studies of non-small cell lung cancer. Tartu, 2011, 98 p. 
135 
202. Arno Põllumäe. Spatio-temporal patterns of native and invasive zoo-
plankton species under changing climate and eutrophication conditions. 
Tartu, 2011, 153 p. 
203. Egle Tammeleht. Brown bear (Ursus arctos) population structure, demo-
graphic processes and variations in diet in northern Eurasia. Tartu, 2011, 
143 p.  
205. Teele Jairus. Species composition and host preference among ectomy-
corrhizal fungi in Australian and African ecosystems. Tartu, 2011, 106 p.   
206. Kessy Abarenkov. PlutoF – cloud database and computing services 
supporting biological research. Tartu, 2011, 125 p.  
207. Marina Grigorova. Fine-scale genetic variation of follicle-stimulating 
hormone beta-subunit coding gene (FSHB) and its association with repro-
ductive health. Tartu, 2011, 184 p. 
208. Anu Tiitsaar. The effects of predation risk and habitat history on butterfly 
communities. Tartu, 2011, 97 p. 
209. Elin Sild. Oxidative defences in immunoecological context: validation and 
application of assays for nitric oxide production and oxidative burst in a 
wild passerine. Tartu, 2011, 105 p. 
210. Irja Saar. The taxonomy and phylogeny of the genera Cystoderma and 
Cystodermella (Agaricales, Fungi). Tartu, 2012, 167 p. 
211. Pauli Saag. Natural variation in plumage bacterial assemblages in two 
wild breeding passerines. Tartu, 2012, 113 p. 
212. Aleksei Lulla. Alphaviral nonstructural protease and its polyprotein 
substrate: arrangements for the perfect marriage. Tartu, 2012, 143 p. 
213. Mari Järve. Different genetic perspectives on human history in Europe 
and the Caucasus: the stories told by uniparental and autosomal markers. 
Tartu, 2012, 119 p. 
214. Ott Scheler. The application of tmRNA as a marker molecule in bacterial 
diagnostics using microarray and biosensor technology. Tartu, 2012, 93 p. 
215. Anna Balikova. Studies on the functions of tumor-associated mucin-like 
leukosialin (CD43) in human cancer cells. Tartu, 2012, 129 p. 
216. Triinu Kõressaar. Improvement of PCR primer design for detection of 
prokaryotic species. Tartu, 2012, 83 p. 
217. Tuul Sepp. Hematological health state indices of greenfinches: sources of 
individual variation and responses to immune system manipulation. Tartu, 
2012, 117 p. 
218. Rya Ero. Modifier view of the bacterial ribosome. Tartu, 2012, 146 p. 
219. Mohammad Bahram. Biogeography of ectomycorrhizal fungi across dif-
ferent spatial scales. Tartu, 2012, 165 p. 
220. Annely Lorents. Overcoming the plasma membrane barrier: uptake of 
amphipathic cell-penetrating peptides induces influx of calcium ions and 
downstream responses. Tartu, 2012, 113 p. 
221. Katrin Männik. Exploring the genomics of cognitive impairment: whole-
genome SNP genotyping experience in Estonian patients and general 
population. Tartu, 2012, 171 p. 
222. Marko Prous. Taxonomy and phylogeny of the sawfly genus Empria 
(Hymenoptera, Tenthredinidae). Tartu, 2012, 192 p. 
223. Triinu Visnapuu. Levansucrases encoded in the genome of Pseudomonas 
syringae pv. tomato DC3000: heterologous expression, biochemical 
characterization, mutational analysis and spectrum of polymerization 
products. Tartu, 2012, 160 p. 
224. Nele Tamberg. Studies on Semliki Forest virus replication and patho-
genesis. Tartu, 2012, 109 p. 
225. Tõnu Esko. Novel applications of SNP array data in the analysis of the ge-
netic structure of Europeans and in genetic association studies. Tartu, 
2012, 149 p. 
226. Timo Arula. Ecology of early life-history stages of herring Clupea 
harengus membras in the northeastern Baltic Sea. Tartu, 2012, 143 p. 
227. Inga Hiiesalu. Belowground plant diversity and coexistence patterns in 
grassland ecosystems. Tartu, 2012, 130 p. 
228. Kadri Koorem. The influence of abiotic and biotic factors on small-scale 
plant community patterns and regeneration in boreonemoral forest. Tartu, 
2012, 114 p.  
229. Liis Andresen. Regulation of virulence in plant-pathogenic pectobacteria. 
Tartu, 2012, 122 p. 
230. Kaupo Kohv. The direct and indirect effects of management on boreal 
forest structure and field layer vegetation. Tartu, 2012, 124 p. 
231. Mart Jüssi. Living on an edge: landlocked seals in changing climate. 
Tartu, 2012, 114 p. 
232. Riina Klais. Phytoplankton trends in the Baltic Sea. Tartu, 2012, 136 p. 
233. Rauno Veeroja. Effects of winter weather, population density and timing 
of reproduction on life-history traits and population dynamics of moose 
(Alces alces) in Estonia. Tartu, 2012, 92 p.  
234. Marju Keis. Brown bear (Ursus arctos) phylogeography in northern 
Eurasia. Tartu, 2013, 142 p.  
235. Sergei Põlme. Biogeography and ecology of alnus- associated ecto-
mycorrhizal fungi – from regional to global scale. Tartu, 2013, 90 p. 
236. Liis Uusküla. Placental gene expression in normal and complicated 
pregnancy. Tartu, 2013, 173 p. 
237. Marko Lõoke. Studies on DNA replication initiation in Saccharomyces 
cerevisiae. Tartu, 2013, 112 p. 
238. Anne Aan. Light- and nitrogen-use and biomass allocation along pro-
ductivity gradients in multilayer plant communities. Tartu, 2013, 127 p.   
 
